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 Executive Summary 
 
 
With several successful cases worldwide, bus rapid transit (BRT) has re-emerged as a 
cost-effective transportation alternative for providing urban mobility.  Despite the 
resurgence of BRT, there is a worldwide paucity of research examining its accessibility 
and proximity-related effects, such as noise and air pollution.  A recent World Bank 
(2000) study observed, “the impacts of busways on land use and city structure have been 
little researched.”  The limited research available is dated, and suggests that the land use 
impacts of BRT systems have been negligible.   
 
The paucity exists despite the fact that a careful examination of BRT impacts is key for 
the transportation planning process and for transportation public policy makers.  Potential 
misperceptions of these impacts can lead to significant facility redesign, construction 
delays, or compensation to affected parties, all of which may amount to millions of 
dollars.  Furthermore, the success of innovative infrastructure financing tools, such as 
value-capture, hinges on understanding whether or not positive infrastructure impacts are 
capitalized into land values. 
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A cursory review of current BRT systems in operation worldwide suggests that some 
BRTs have resulted in environmental degradation of bus corridors, arising from heavy 
bus flows, high vehicle emissions, and noise.  In other cases, such as Curitiba, BRTs have 
played an integral role in the successful articulation of an integrated land use and 
transport strategy.  However, the extremely limited number of ex-post BRT evaluations 
has been limited to the examination of busway impacts in a handful of North American 
cases.  
 
As a result, by using spatial hedonic price models, this project determines the extent to 
which the accessibility and proximity-related disamenities of a BRT in Bogotá, Colombia 
are capitalized into land rents.  In these models, a measure of land value is regressed 
against discrete characteristics of a property, such as its structure, neighborhood 
amenities and disamenities, and overall location.  Because of particularities in the 
application of hedonic models, and of the data collected, the coefficient estimates are 
determined using maximum likelihood methods that account for the spatial 
autocorrelation present in the model residuals.  Data collected between January and April 
2002 are used to estimate several model specifications.  Local accessibility effects of the 
busway are measured by walking access distance to the nearest station, while regional 
accessibility effects are measured as line-haul travel distance from the nearest busway 
station to three regional attractors of activities.  Proximity-related effects are measured as 
the straight distance from the property to the busway right-of-way.  Results from the 
preferred functional form specification suggest that for every 0.1 km from the BRT 
station, the advertised rental price of a property decreases by 3.71%, after controlling for 
structural, neighborhood, and environmental variables.  Similarly, as the distance from 
the busway right-of-way increases by 0.1 km, the value of the property increases by 
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7.00%.  These results translate into an elasticity of -0.31 for local accessibility and 0.44 
for proximity-related effects. 
 
Based on a comprehensive literature review, this is the first empirical study in recent 
decades that consistently estimates evidence regarding the nature and magnitude of 
accessibility and proximity-related impacts of BRTs.  Such evidence has a wide range of 
practical applications, from determining the usefulness of innovative land-based tax 
instruments that hinge on the capitalization of positive busway effects, to informing 
policy-makers about the land development consequences of transportation infrastructure 
alternatives.  
 
Keywords: Bus Rapid Transit (BRT), busways, accessibility, proximity-related effects, 
hedonic price models, spatial autocorrelation, Bogotá. 
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 I. Introduction 
 
 
Transportation forces such as trends showing increasing auto ownership and use are one 
of the factors that have altered and reshaped how and where people live, work, shop, and 
travel.  These forces have played a significant role in the spatial structure outcomes of 
cities.  In an attempt to understand these trends and what transportation planning strategy 
should be adopted in response, policy-makers and planners have been motivated to 
analyze the relationship between transportation and land use.  Understanding these 
relationships, developing predictions about urban and land use outcomes affected by 
transportation services, and examining travel behavior outcomes affected by different 
urban forms can be useful in assessing and evaluating the context of a more 
comprehensive and sustainable urban development strategy.   
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One of the approaches commonly used to study the relationship between transportation 
and land use has been through the use of hedonic price models of the residential or 
commercial properties in the vicinity of transportation facilities.  Hedonic price model 
studies are commonly focused on the impact of transportation systems on land use, 
particularly on land values.  With the hedonic price model technique, observable behavior 
of the real estate market is used to derive the values of accessibility and proximity-related 
effects that are implicit in this behavior.  Residential or commercial units are treated as 
multi-attribute goods.  Although these attributes are not explicitly exchanged in 
observable market transactions, their value is inferred by the willingness to pay for each 
configuration of property attribute characteristics.  These attributes can include not only 
structural and site attributes, but also measures of local service and neighborhood quality, 
local and regional accessibility, and environmental amenities (or disamenities).  With 
estimated implicit prices for each attribute from the hedonic model, premiums on 
property values derived from accessibility benefits can be inferred. 
  
This study is an attempt to provide empirical evidence regarding the nature and 
magnitude of accessibility and proximity-related impacts of bus rapid transit or busway 
systems.  It is expected that such evidence will have a wide range of practical 
applications, from determining the usefulness of innovative land-based tax instruments 
that hinge on the capitalization of positive busway effects, to informing policy makers 
about the land development consequences of transportation infrastructure alternatives.  
 
This study is divided into nine sections.  The first section provided an introduction to the 
topic.  The second section provides a description of several successful cases worldwide of 
Bus Rapid Transit (BRT) that have re-emerged as a cost-effective transportation 
alternative for providing urban mobility.  Based on a comprehensive literature review of 
the topic, the motivation for this study is provided in the third section.  The fourth section 
is about the impacts of transportation infrastructure on land use, and provides a general 
benchmark of several rail transit studies and their accessibility impacts on residential 
property values.  The fifth section gives a general background of the Bogotá 
transportation system including a detailed description of the TransMilenio (BRT) system 
 11
and its expected impacts on the mobility, accessibility, and environment of the city.  The 
hedonic price model techniques and the methodological issues related with this method 
such as functional form specification and diagnostic tests for the presence of spatial 
autocorrelation are discussed in the sixth section.  Then the study design methodology for 
the data collection process is presented in the seventh section, followed by a detailed 
description of each of the variables used in the study.  The results of the estimated models 
for the hedonic price functions are presented and analyzed in section eight.  Finally, the 
ninth section summarizes the most relevant findings of this study, evaluates its 
contribution for transportation planners, and presents recommendations for future 
research on the topic. 
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 II. Background  
 
 
Transportation planners have begun to reconsider the usefulness of busways as cost-
effective investments for satisfying growing demands for urban mobility.  A new concept 
for delivering bus service, known as Bus Rapid Transit systems (BRTs), or busways, is 
revolutionizing bus systems around the world, particularly in Latin America. Busways 
like the ones in Curitiba, Brazil, and Bogotá, Colombia are systems with dedicated lanes 
designated for exclusive use by large-capacity buses, and specialized bus stations with 
pre-board ticketing and fast boarding.  These characteristics increase average bus speeds, 
improve reliability, and increase capacity and profitability of bus systems.   
 
Busways tend to be less expensive than light or heavy rail, offer similar passenger 
capacities, and can be implemented incrementally.  Therefore, they are able to 
accommodate dynamic budgetary and demand constraints more readily than fixed track 
systems.  In a recent BRT case study analysis (IEA, 2002), BRTs are characterized as 
systems that have some or all of the following elements: 
 
• Dedicated bus corridors with strong physical separation from other traffic lanes. 
• Modern bus stops that are more like bus “stations” with pre-board ticketing and 
comfortable waiting areas. 
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• Multi-door buses that “dock” with bus stations to allow rapid boarding and 
alighting. 
• Large, high capacity, comfortable buses that are preferably low-emission vehicles. 
• Differentiated services such as local and express buses. 
• Bus prioritisation at intersections either through signal priority or physical 
avoidance (e.g., underpasses). 
• Co-ordination with operators of smaller buses and paratransit vehicles to create 
new feeder services to BRT stations. 
• Integrated ticketing that allows free transfers, if possible, across transit companies 
and modes (bus, tram, metro). 
• Use of GPS or other locator technologies with a central control area that manages 
bus location at all times and facilitates rapid reaction to problems. 
• Real-time information displays on expected bus arrival times. 
• Good station access for taxis, pedestrians and cyclists, and adequate storage 
facilities for bicycles. 
• New regimes for bus licensing, regulation and compensation of operators. 
• Land-use reform to encourage higher densities close to BRT stations. 
• Park and ride lots for stations outside the urban core. 
• Well-designed handicap access, including the ability for wheelchair passengers to 
quickly board buses. 
• Excellence in customer service that includes clean, comfortable and safe facilities, 
good information and helpful staff. 
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• A sophisticated marketing strategy that encompasses branding, positioning and 
advertising. 
 
There are few busway transit networks in the world having most of these characteristics, 
the most notable being the system in Curitiba.  Some cities, like Quito, Ecuador; Sao 
Paulo, Brazil; Le Mans, France; and Liege, Belgium; feature examples of busways that 
are not part of a busway network, functioning in a major urban corridor with high 
passenger throughput.  In North America, despite high car-ownership levels, cities like 
Ottawa (“Transitway”), Eugene, Orlando, Cleveland, and Los Angeles (“Rapidbus”) have 
begun to develop busway systems.  According to the US General Accounting Office 
(GAO, 2001), at least 17 cities in the US are in the process of developing or planning a 
busway system.   
 
Bogotá’s busway system is being planned as a fully-integrated network system, and its 
characteristics are similar to those in Curitiba.  Making an analogy based on the criteria 
presented before, Bogotá’s busway system has all of the listed elements except for the 
land-use control policies and park & ride facilities for stations outside the urban core.  
The lack of supportive land-use policies in the planning and implementation process has 
partly been a consequence of the limited research about the usefulness of busways for 
influencing urban form.  Other causes for the lack of supportive land-use policies might 
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include that Bogotá is dense by most standards, and the administrative responsibilities for 
these policies fall under different institutional units1.    
 
A cursory review of current busways in operation suggests that some busways have 
resulted in environmental degradation of corridors arising from heavy bus flows, high 
vehicle emissions and noise.  In other cases, such as Curitiba, busway transit has played 
an integral role in the successful articulation of an integrated land use and transport 
strategy.  Therefore, both positive and negative impacts are expected to affect the land 
use, form and value of the properties in the surrounding busways area.  However, the 
extremely limited number of published ex-post busway transit evaluations has 
constrained the examination of busway impacts to a handful of North American cases.  
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1 In Bogotá there are several public institutions in charge of planning, administering, and regulating the 
transportation system of the city; the Transport and Transit Secretariat (STT), the Urban Development 
Institute (IDU), the National Ministry of Transportation, and TransMilenio S.A. 
 III. Motivation 
 
 
Despite the resurgence of busway transit in both Latin American and North American 
cities, there is a worldwide paucity of research examining its accessibility and proximity-
related effects, such as noise and air pollution.  A recent World Bank (2000) study 
observed, “the impacts of busways on land use and city structure have been little 
researched.”  Despite cases like Curitiba, where a network of busways has formed the 
core of a well-articulated land use and transport strategy, the limited research available 
suggests that the land use impacts of busways have been negligible (Knight and Trygg, 
1977).  Mullins, et. al., (1990) reviewed several operational busways in the U.S. and 
Canada and also found that although in many cases busways have provided significant 
improvements in corridor capacity, the impacts of these facilities on nearby land have 
been minor.  Nonetheless, recent busway projects feature different infrastructure 
characteristics and their accessibility and mobility effects are much more significant than 
older busway systems. 
 
This paucity on the research exists despite the fact that a careful examination of busway 
transit impacts is important because: 
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• Potential misperceptions of these impacts can lead to significant facility redesign, 
construction delays, or compensation to affected parties. 
 • The success of innovative infrastructure financing tools, such as value-capture, 
hinges on understanding if positive infrastructure impacts are capitalized into land 
values. 
 
As with most other large transport projects, busway projects may be delayed or may 
require substantial design modifications due to local opposition groups concerned about 
environmental impacts associated with the proximity to these facilities.  Their arguments 
are expected to be grounded on actual or perceived threats to property values, personal 
security, and neighborhood amenities.  However, given the limited empirical evidence, 
planning and policy tools that can help to assess possible threats to property values, and 
to determine compensation to affected parties, are largely unavailable to busway 
planners.  Therefore, actual and perceived impacts of busway systems, and the 
consequent public reaction to such impacts, are a significant contributing factor in the 
transportation planning process.  Misperceptions about such impacts by both property 
owners and by transportation agencies can lead to costly misallocations of funds or 
delays in implementation.   
 
At the same time, recent studies about incentive taxation have shown that value-capture 
represents an alternative approach to capital cost recovery that has not been fully 
explored and examined in the tax policy context.  Value capture is defined as “a means 
by which to finance capital infrastructure, particularly transportation services, in a way 
that allows for efficient economy performance, simple administration, financial justice, 
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and social facility” (Batt, 2001).  In his study, Batt (2001) also noted how only few 
studies, if any, have recognized the relationship between transportation, land use, and 
taxation.  However, there is enough evidence from studies that show the merits of value 
capture as an instrument of public infrastructure finance (Allen, 1987; Cervero, 1994; 
Johnson and Hoel, 1985).  Unlike traditional methods of public infrastructure finance 
such as an ad valorem fuel tax, value capture and other methods of land-based tax that 
hinge on the capitalization of positive transit effects offer a promising approach for 
public funding of transit infrastructure.   
 
In addition to being an efficient method for public funding of transit infrastructure, value 
capture also encourages faster and denser urban development in areas in close proximity 
to busways, assuming that density caps are not a constraining factor.  Given the higher 
rents on land values in locations with good access, it is expected that landowners will try 
to recover their investments rather than holding them for speculative gain (e.g., BRT 
fosters faster and more concentrated development).  This is always a desired outcome for 
policy makers regarding public transit development because it has implications for the 
viability of transit operation.  However, to ensure this urban development outcome it is 
necessary to complement this taxation policy with mechanisms such as higher density 
caps and mixed-use land-use zoning.   
 
Transportation planners and policy makers have relied on the notion that transportation 
improvements enhance accessibility and by doing so increases the values of the nearby 
properties.  However, the extent of these impacts and the differentiation with proximity-
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related impacts are largely unsubstantiated by empirical evidence.  It is this lack of 
existing research, and the increasing relevance of busway systems as transportation 
mobility solutions for several cities around the world, that motivates this research. 
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 IV. Impacts of Transportation Infrastructure 
 
 
Based on land rent theory and urban economics, transportation planners have relied on 
the notion that transportation improvements enhance accessibility of properties and by 
doing so increase land values.  Therefore, it is essential to understand the concept of 
accessibility benefits of transportation systems.  Some authors have defined accessibility 
as the ease of reaching desired activities such as employment, retail shopping, and 
healthcare (Dimitriou, 1992; Hanson, 1995; Armstrong, 1997).  Accessibility can also be 
defined as the economic benefits derived from one’s ability to reach these activities, or 
the net benefit obtained from the ability to make contact with these activities less the 
interaction costs of doing so (Armstrong and Rodriguez, 2003).  However, in the 
Methods section of this study, accessibility is treated more as the relative advantage of 
one location over another in the easy of reaching other locations at which activities take 
place (Armstrong, 1997).   
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Improvements in accessibility are reflected in an enhancement of the perceived amenities 
of a property, which in turn translates into higher property values.  These improvements 
can be disaggregated in terms of local and regional accessibility.  Ease of access to 
busway stations constitutes local accessibility in this study, while regional accessibility 
captures the travel benefits (potential or realized) to activity centers provided by busway 
facilities.  This approach of having local and regional components is consistent with other 
studies (Dimitriou, 1992; Armstrong and Rodriguez, 2003).  Despite the clear conceptual 
differences between the two accessibility impacts, various studies (see for example, 
Cervero and Duncan, 2002; Forrest et al., 1996; Gatalaff and Smith, 1993; McDonald and 
Osuji, 1995) have combined these two forms of accessibility into a single category, thus 
yielding a composite estimate of these benefits.  In addition to considering local 
accessibility separately from regional accessibility, this study estimates the composite 
estimate of local and regional accessibility.  In a homogeneous high-density urban area 
like Bogotá, there are not enough reasons to suggest or expect that regional accessibility 
benefits would play a significant role.  Regional transportation systems such as commuter 
or regional rail studies have an obvious justification to differentiate accessibility benefits.  
However, for the busway system analyzed in this study, regional accessibility impacts are 
not expected to be significant. 
 
Previous evidence shows that in real estate markets the premiums on property values vary 
nonlinearly with distance (Waddell et al., 1993).  However, few studies have made the 
effort to examine different proximity specifications other than quadratic distance 
approximations (Vadali and Sohn, 2001). 
 
As was mentioned before, in reviewing the literature, there is almost no evidence or 
research regarding the accessibility benefits of busway systems.  The vast majority of the 
existing literature has been focused on rail transit modes.  The only available literature 
has been limited to bus priority treatments (HOV-bus lanes) and transitways in North 
America.  For example, HOV-bus lanes in Washington, D.C., California, Seattle, and 
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Florida were studied by Knight and Trygg (1977).  They conclude that exclusive bus 
lanes incorporated into highways appear to have no land use impacts upon either 
residential or commercial development.  Because rail transit services with similar levels 
of passenger ridership had more significant land use impacts, they conclude that the lack 
of fixed facilities associated with this type of HOV-bus lane is one of the possible causes 
of the negligible effects.   
 
On the other hand, transitways were analyzed by Mullins, et al. (1990).  Only a particular 
busway system in Ottawa, Canada did appear to have some effect upon land use and 
development in areas surrounding stations.  For the rest of the cases analyzed in this 
study, the findings are the same as those of Knight and Trygg (1977).  The authors note 
how the system in Ottawa is atypical of busway systems in North America because of 
high ridership levels.  However, this finding may suggest that highly patronized busway 
systems that incorporate a substantial amount of permanent fixed facilities may have a 
significant influence on land use.   
 
A concern with previous studies is that they have not properly addressed the treatment of 
negative externalities associated with the deleterious effects of being near a transit 
system, such as noise and air pollution.  That is how Huang (1994) concludes from an 
exhaustive literature review that it is still unclear whether positive effects will be 
outweighed by negative externalities for properties in the immediate vicinity (Vadali and 
Sohn, 2001).  If the proximity-related negative effects are ignored by the functional forms 
of the hedonic price models, the implicit price for accessibility will capture both effects, 
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since they tend to be correlated.  Depending on which effect is stronger and more 
significant, and the level of the correlation between the variables, the coefficient 
estimates for accessibility might be biased.  Similar to other previous rail project 
evaluations (Table 1), this study isolates accessibility benefits from the impacts 
associated with the negative externalities for being close to a busway right-of-way.  
 
Based on the literature reviewed on this study, this is the first empirical study in recent 
decades that consistently provides evidence regarding the nature and magnitude of 
accessibility and proximity-related impacts of busways or BRT.  The vast majority of the 
research literature has been dedicated to the effect of rail transit systems on property 
values.  In these studies, the impact of rail transit on property values has been studied 
from many perspectives, including analyses of different types of systems (e.g., rapid, 
commuter, light rail), of residential versus commercial impacts, and studies that have 
attempted to isolate both positive and negative effects (Parsons Brickerhoff, 2001).  In an 
extensive review of these studies, Huang (1994) identified methodological 
inconsistencies in assessment methods.  A direct comparison of the results among the 
studies is difficult due to the varied approaches in terms of methods of analysis, data 
quality, and regional differences.  Although it is clear that in most cases access to rail 
systems is valued by property owners, the extent and magnitude vary.  For proximity-
related effects the evidence provides little support for decreases of property values.  
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The following table summarizes the key findings of studies conducted on the effects of 
rail transit on property values2.  The summary includes type of transit facility analyzed, 
data source, type of methodology employed, function form specification if hedonic prime 
methods are used, and what measures of accessibility (and its elasticity) or proximity-
related effects were used.  This summary of transit systems other than busways will help 
to depict expected results and design features for the analysis conducted in this study, 
such as the best functional form, range of model explanatory power, and comparable 
property premiums or elasticities of accessibility.   
 
 
                                                 
2 Most of the literature reviewed has been selected exclusively to examine impacts on residential properties. 
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 Table 1 – Summary of the Impact of Rail Transit on Residential Property Values  
Authors Data Source Method Functional Form Accessibility measure / Proximity-related effects / 
Spatial autocorrelation 
Rapid/Commuter 
Rail Transit 
    
Landis, et al. 
(1995) 
233 sales of single-family homes 
in San Mateo County during 
1990. 
Hedonic price 
model-OLS 
Linear Ground distance to nearest CalTrain station: no effect.  
Dummy variable for 300-meter proximity to right-of-way: 
15.3% value decrease ($51,000).   
Armstrong (1995) 451 single-family property sales 
in suburban area of Boston. 
Hedonic price 
model-OLS 
Multiplicative 3 continuous and one dummy (3-8 minutes from station) 
variables: 7.1% value increase for the dummy.  
Dummy variable for 400-feet proximity to right-of-way: 
18.9% value increase.    
Voith (1991) 1980 median census tract 
housing values in Philadelphia 
Hedonic price 
model-OLS 
Linear CBD-oriented accessibility measures: 2.1% value increase 
for having transit access. 
Diamond (1980) 414 parcels sold in the Chicago 
area from 1969 to 1971. 
Hedonic price 
model-OLS 
Linear Straight-line distance to the nearest commuter rail station: 
2.1% value increase for each additional mile. 
Poon (1978) 285 housing property sales (85% 
single-family, 15% multi-
family) in London, Canada from 
1967 to 1972. 
Hedonic price 
model-OLS 
Quadratic (among 
linear, multiplicative, 
and quadratic) 
Straight-line distance from the railway (externalities): 0.05 
elasticity. 
Heavy Rail 
Rapid Transit 
    
Tse (2002) 250,000 residential houses sold 
in Hong Kong during 1997. 
Spatial 
hedonic price 
model-ML 
Double-log Dummy variable indicating location within 10-minute 
walking to MRT station. 
Correct for spatial autocorrelation. 
Lewis- Workman, 
et al. (1997) 
Census of one-mile radius from 
a single station (Pleasant Hill) in 
San Francisco.  
  Ground distance to BART station: premium of $1,578 for 
every 100 feet closer to the station. 
 Census of one-mile radius from 
3 stations in New York.  
  Ground distance to NYC MTA stations: premium of $2,300 
for every 100 feet closer to the station. 
Benjamin and 
Sirmans (1996) 
250 residential apartment rent 
observations in Washington 
Hedonic price 
model-OLS 
Semi-log and 
simultaneous 
Ground distance to Metro station: rents decrease by 2.4 to 
2.6% from  each one-tenth mile increase of distance from 
during 1992. and 3SLS equations. station.  
Landis, et al. 
(1995) 
2,359 sales of single-family 
homes in Alameda and Contra 
Costa Counties during 1990. 
Hedonic price 
model-OLS 
Linear and 
exponential 
Ground distance to nearest BART station: -0.05 elasticity. 
Looked at nuisance values of being adjacent to line and 
found no effect.   
McDonald and 
Osuji (1995) 
79 blocks in Chicago during 
1980 and 1990. 
Hedonic price 
model-OLS 
Semi-log Dummy variable indicating location within one-half mile of 
a rail transit station: premium of 17%. 
Voith (1993) 59,000 single-family home sales 
in Philadelphia from 1970 to 
1988. 
  Access defined according to proximity of a transit service 
(SEPTA): 1.5 to 8.0% premium of houses with access to 
rail station. 
Gatzlaff and smith 
(1993) 
912 single-family home sales in 
Miami from 1971 to 1990. 
Hedonic price 
model-OLS 
Exponential (among 
linear, semi-log, 
exponential, and 
multiplicative) 
Distance to the nearest Metrorail station: no effect.  
Nelson (1992) 286 single-family home sales in 
Atlanta during 1986. 
Hedonic price 
model-OLS 
Linear, except for 
distance to MARTA 
station which is 
quadratic. 
300-feet from a MARTA station: premium of $14,500 
compared with a home located 3,000 feet from station. 
Allen, et al. (1986) 1,341 home sales in 
Philadelphia. 
Hedonic price 
model-OLS 
Linear  Daily travel costs: 10% premium for being served by 
SEPTA 
Smith (1978) 300 new home sales in Chicago 
for 1971 
Hedonic price 
model-OLS 
Linear  $450 for each additional ½ mile proximity to rail transit. 
Lerman, et al. 
(1978) 
Sales price of 286 single-family, 
771 multi-family, and 353 
commercial retail units from 
1969 to 1976 in Washington 
D.C. 
Hedonic price 
model-OLS 
Linear, 
multiplicative, 
exponential, and 
Box-Cox (none 
clearly superior to the 
others) 
Dummy variable indicating location within 0.1 mile of a 
station: elasticities of -0.68 for retail, -0.19 for multi-
family, and between -0.06 to -0.13 for single-family. 
Light Rail 
Transit 
    
Dueker and 
Bianco (1999) 
Census median house value in 
Portland between 1980 and 
1990. 
Hedonic price 
model-OLS 
 Distance from a LRT (MAX) station: $2,300 premium for 
properties 200 feet away. 
Dueker and 
Bianco (1998) 
309 single-family sales in 
Portland from 1992 to 1994. 
Hedonic price 
model-OLS 
Semi-log Distance from the MAX station, starting at 100 meters: $32 
decrease for each meter away. 
Lewis- Workman, 
et al. (1997) 
Census of one-mile radius from 
a single station (Pleasant Hill) in 
  Ground distance to BART station: premium of $1,578 for 
every 100 feet closer to the station. 
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San Francisco.  
Knapp et al. 
(1996) 
Census of one-mile radius from 
three stations (Pleasant Hill) in 
San Francisco.  
  Dummy within ½ mile from the lines and stations: value 
rise for the lines distance but not for the station distance. 
Forrest et al. 
(1996) 
795 house sales in Manchester 
(UK) during 1990. 
Hedonic price 
model-OLS 
Semi-log and Box-
Cox 
Dummy variable indicating location within various 
distances of a light rail transit station: premiums from 2.1 to 
8.1%. 
Landis, et al. 
(1995) 
2,591 single-family sales in 
Sacramento, San Diego, and San 
Jose during 1990. 
Hedonic price 
model-OLS 
Linear Distance to closes light rail station: premium of $2.72 per 
every meter in San Diego, $2.61 in San Jose, and no effect 
in Sacramento. 
Proximity to right-of-way: no effect. 
Al-Mosaind, et al. 
(1993) 
235 single-family home sales in 
Portland during 1988. 
Hedonic price 
model-OLS 
Linear Dummy variable indicating location within 500 meters of a 
MAX station: premium of 10.6%. 
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 V. Area of Study 
 
 
Bogotá, the capital of Colombia, has approximately 6.5 million inhabitants of the total 42 
million in the country, and comprises 28.153 hectares of urbanized area.  This makes 
Bogotá one of the densest cities in the world, with approximately 230 people per hectare.  
Despite a 1999 per capita GDP of US$ 2,300, 15 percent higher than the national 
average, Bogotá’s automobile ownership rate (110 cars per 1,000 inhabitants) is low 
compared to cities in South America of similar size.  Nonetheless, with such a low 
motorization rate, the city is greatly affected by severe mobility problems, partially due to 
the high population density.  By 1999, the average speed during the peak hour on the 
main roads declined to less than 12 kilometers per hour (7.45 mph).   
 
With approximately 70 percent of motorized trips taken by bus and other transit modes 
such as paratransit, Bogotá’s quasi-deregulated and free-enterprise transit system used to 
have one of the largest per capita public transportation fleets in the world (JICA, 1996).  
The transit system is also complemented by illegal bus operations and inter-municipal 
services that originate in areas surrounding the Bogotá metropolitan region.   
 
Although many transportation studies have been conducted in the last decades for 
specific transportation projects3, a long-term plan for the desirable urban form of the city 
and its co-existence with an efficient and equitable transportation system has been off of 
the agenda of local administrations and out of the vision of local officials.  However, 
some initiatives were taken, and during the last two city administrations (1998-2001 and 
2001-2004), a sustainable strategy for the transportation system of the city has been 
developed.  
 
In an attempt to improve the mobility of its citizens and based on the success of busways 
elsewhere in neighboring Brazil, the Troncal Caracas (Caracas busway) was built 
between 1988 and 1992 in one of the most important corridors of the city.  The 16-km 
busway traversed the city’s CBD and connected the south and north parts of town.  More 
than a system network, the Troncal Caracas acted as a high capacity collector fed by 
routes needing to cross the city rapidly (Ardila and Rodriguez, 2000).  Passenger flows 
exceeded 36,000 passengers per hour on a given direction during the peak period, but the 
system lacked an operations management plan, allowing free entry to operators meeting 
specific bus size requirements.  The infrastructure itself and the bus stops were not 
adequately maintained, traffic lights were not synchronized and gridlock was common in 
several streets crossing the busway (Ardila and Rodriguez, 2000).  Nevertheless, average 
bus speeds in 1999 were 24 kilometers per hour (14.9 mph), significantly higher than the 
citywide average.   
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3 A subway system has been studied and planned for the last 40 years, accompanied with several diagnostic 
studies of the city’s transportation problems and symptoms. 
In 1999, concerned with an oversupply of the transit service, poor environmental and 
safety conditions, and decreasing vehicle speeds, the Bogotá city government decided to 
revamp mass transportation by implementing an extensive busway network.  The 
uniqueness of Bogotá’s case lies in the transformation of its busway into an entirely 
different system.  The Caracas corridor revolutionized an undesirable mobility system 
(aesthetically displeasing, with high noise and diesel exhaust levels) into a new busway 
with significantly lower travel times, lower noise and greenhouse gas emission levels.  
The busway is now a source of local pride.   
 
The busway transit program is part of a comprehensive strategy that includes restraining 
the use of private cars, and the provision of public space and non-motorized transport 
facilities.  At a glance, ancillary policy measures include: 
 
• A partial ban on peak-hour auto use. This license plate-based private vehicle ban 
applies to 40 percent of the vehicle fleet during peak hours on weekdays.  There is 
also an annual car free day during a weekday4. 
 
• The reclamation of public use of spaces previously appropriated by automobiles 
(such as sidewalks) or neglected by former city authorities (such as parks).   
 
• The implementation of the largest bicycle network in the world, a 350-km 
bikeway network. 
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 The mass transit policy element of this strategy, called TransMilenio, is a bus rapid 
transit (BRT) system resulting from a successful public-private partnership.  The system 
comprises specialized infrastructure, including exclusive lanes for high capacity 
articulated buses privately operated with an advanced fare collection system.  With a flat 
fare of 1,000 Colombian pesos (US$0.33), revenues are sufficient for the participating 
private bus companies to be profitable.  Simultaneously, a new public authority for 
planning, developing and controlling the system was created (TransMilenio S.A.).  
TransMilenio began operations in December 2000.  The system now moves 
approximately 700,000 daily trips over 38 km (23.6 miles) of busways, and carries more 
travelers than entire mass transit systems in many other cities around the world (IEA, 
2002).  The Figure 1 shows the first phase of the system (38 kilometers), which includes 
three corridors: Caracas, Calle 80 (80th street), and Autopista Norte (north highway). 
 
The first phase of the system operates with 62 stations, 470 articulated buses, and 300 
feeder buses.  The vehicles operate in exclusive lanes, the central lanes of urban roads, 
and are longitudinally segregated from general traffic (Figure 2).  Two lanes, built with 
concrete or high capacity asphalt, are reserved for buses in most corridors.  Stations are 
located in the median, approximately every 500 meters, with pedestrian access provided 
by overpasses, tunnels, or signalized intersections.  Walkways, plazas, and sidewalks are 
also constructed to supply pedestrian and bicycle access (Hidalgo, 2002). 
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4 Bogotá citizens voted in 2000 to make the entire urban area car-free during morning and evening peak 
Figure 1 - TransMilenio Busway System, First Phase 
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periods – beginning in 2015. 
 Figure 2 - TransMilenio Busway System 
 
  Source: TransMilenio S.A., and Hidalgo (2002) 
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The first phase of the system cost around US$5 million per kilometer5 (US$ 8.1 million 
per mile), and its net benefits accounted for US$1.2 billion with a social rate of return of 
60.9% (CONPES, 2000).  Similar to any transportation project, the most significant 
impact of the system for its users has been travel time savings.  Commercial speeds 
increased from 12 kilometers per hour (7.5 mph) to 26.7 kilometers per hour (16.6 mph) 
in the Calle 80 and Caracas corridors.  This increase in bus speeds allowed for a 32 
percent reduction in average trip times for users of the system (Hidalgo, 2002).  
Additionally, comparisons between before and after system implementation have shown 
a significant reduction in accident and air pollution levels.  Between 1999 and 2001, 
fatalities in the busway corridors resulting from traffic accidents were reduced by 89 
percent.  Similarly, injuries and the number of collisions were reduced by 75 and 79 
percent, respectively.  Contamination and emissions such as Sulfur Dioxide SO2, 
Nitrogen Dioxide, and particulate matter were reduced by 43, 18, and 12 percent 
respectively (Hidalgo, 2002).    
 
Extensions are planned over the next 13 years, when a 388-kilometer (241 miles) busway 
network will be completed.  This network system will cover 80% of the daily transit trips 
in the city (5 million trips per day), with a capital investment of more than US$2.9 
billion.  The infrastructure component of the project (US$1.9 billion) is being financed by 
local and national public funds.  The city covers 33 percent of the total cost via local fuel 
taxes, and the national government is contributing the remaining 67 percent. 
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5 This cost represents only 5 percent of the cost estimated per kilometer for the subway line that was being 
One of the most important characteristics of the system was its implementation time.  
Under the 3-year period corresponding to the administration of the former Mayor, 
Enrique Peñalosa, the first phase of the system was planned, built and inaugurated.  This 
speed has come at a cost.  For example, both the beneficial and deleterious impacts upon 
the neighborhoods and property owners that have resulted from the system were 
neglected in the evaluation and planning process.  
 
It is interesting, from the perspective of the planning and policy-making process, to 
examine how the project was successfully implemented without any substantial 
compensation to affected parties.  It is also interesting that the project did not suffer any 
significant change in design or construction delays.  Nonetheless, the local government 
has been charging a tax using value-capture methods to properties near transportation 
improvements or new construction facilities.  To my knowledge, at this time local 
officials do not have any mechanism that allows them to formally account for busway 
impacts on property values.  This value-capture tax should theoretically hinge on the 
positive benefits of the busways after controlling for proximity-related externalities, 
because both positive and negative effects are expected to influence property values and 
neighborhood amenities.  Indeed, the information needed to strengthen the planning and 
policy-making processes for future busway extensions and for other worldwide busway 
projects rely on the understanding of negative and positive busway impacts on nearby 
properties and neighborhood amenities.   
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planned contemporaneously.  
In this context, it is important to evaluate the accessibility and proximity-related impacts 
of the busway system on its surrounding environs.  An evaluation of each provides first-
hand empirical evidence of the importance of transportation policy choices on land use. 
This information will strengthen the planning process for urban busways and will be 
valuable for understanding the local conditions for which innovative land-based tax 
instruments, such as value-capture, will be most useful.  
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 VI. Methods 
 
 
Land rent theory, advanced in an urban context by Alonso (1964) and Muth (1965), is 
commonly used to understand the expected impacts of accessibility on property values.  
The core assumption is that households are willing to trade off purchases of accessibility, 
land area, and other attributes.  For example, the urban bid-rent gradient model for a 
monocentric urban area states that the greater the distance from the central business 
district (CBD) the less accessible and the higher the transportation costs, all else being 
equal.  However, the bid-rent gradient might differ along land uses as well as for different 
classes of households (Alonso, 1964).  The problem with these models is that they rely on 
many limiting assumptions that do not describe the complex housing transactions and 
location behavior of actual cities.  
 
 38
Accessibility is one of the main effects investigated in several studies of how 
transportation systems influence land values.  Improvements in accessibility would be 
reflected as an enhancement of the perceived amenities of a property, which in turn 
translates into higher property values.  However, the effects of transportation systems on 
land values are not only those captured by improvements in accessibility, but include 
environmental impacts such as noise, air pollution, and urban degradation.  These effects 
are generally negative externalities and occur in the proximity of transportation facilities 
such as rights-of-way, grade crossings, lot yards, and transit stations.   
 There are several analytical methods that can be employed to evaluate the accessibility 
and proximity-related effects of a busway system.  Most of these methods are based on 
economic and behavioral theory adopted from early theoretical models (Alonso, 1964; 
Muth, 1965; Rosen, 1974).  Most of these methods are based on revealed preferences of 
transaction behaviors in the housing market.  Conversely, stated preference or contingent 
valuation methods, which are based on the hypothetical behavioral evidence of housing 
transactions, are rarely used.  The existence of real and continuous housing transactions, 
through either rentals or sales, provides sufficient behavioral data to employ revealed 
preference techniques. 
 
 
1. Hedonic price models 
  
The most common approach adopted in the studies reviewed is the hedonic price model 
approach6.  The hedonic approach is a revealed preference technique and it is based on an 
early theory of the market for heterogeneous goods developed by Rosen (1974).  In 
Rosen’s approach, residential properties are characterized as a set of complex 
heterogeneous goods.  At the same time, each property or good consists on an inseparable 
bundle of homogeneous attributes that differ in values and characteristics.  The 
underlying theory for the market of heterogeneous goods states that the price of the good 
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is a function of the levels or value of each attributes in the bundle.  In the housing market, 
these attributes are usually structural and site characteristics of a property.  Moreover, 
attributes of the neighborhood area, quality of local services, and locational attributes 
such as accessibility to transportation systems or centers of activity are also part of the 
bundle of homogeneous attributes.   
 
The main assumption of the hedonic model technique is that implicit prices for each 
attribute of the good can be inferred by observing an individual’s willingness to pay for 
each unique bundle or set of attributes.  The observed individual’s willingness to pay for 
each unique bundle is indeed an actual property transaction, either a sale or rental of a 
residential unit.  Although the price for each individual attribute included in the bundle is 
inferred (by the hedonic price model technique), attributes are not individually exchanged 
on explicit market transactions; they are simply inferred prices.  
 
The estimated price function based on the characteristics of the bundle of attributes 
represents an equilibrium outcome of the supply and demand for those attributes.  This 
equilibrium of prices estimated by the hedonic price model for the specific market does 
not represent a demand function for any given attribute.  Indeed, it is likely that different 
equilibrium prices exist for different housing markets in different areas or with different 
participants.   
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6 It is also accepted that hedonic price models are still the best method to model housing markets (Can and 
Megbolugbe, 1997
Full implementation of the hedonic methodology requires a second stage that deals with 
the estimation of demand or bid functions for the attributes.  This second stage has 
theoretical and econometric complications of identification when dealing with 
simultaneously determined price and quantity variables (Armstrong, 1997).  This study 
relies solely on the estimation of the first hedonic stage (single equilibrium point of 
prices), and as a result, the empirical findings will apply only to the market or study area 
in question.  Moreover, the use of the first-stage only hedonic modeling methodology is 
acceptable, as long as it is assumed that the equilibrium hedonic price schedule remains 
unchanged (Palmquist, 1992).  Caution should be used in the direct application of the 
findings from the models estimated in this study to other urban or market areas. 
 
The slopes of the hedonic price function with respect to each attribute of the property 
(coefficient estimates in the model for each attribute) provide an upper limit7.  Therefore, 
empirical evidence of the marginal willingness to pay for a specific attribute such as 
accessibility can provide useful information to policy-makers and transportation planners.  
As it was explained before, the extent to which the accessibility effects of a transportation 
system are capitalized into property values provides a promising approach for publicly 
funding transportation infrastructure such as value-capture.   
 
The basic empirical relationship to be evaluated in this study is the equilibrium implicit 
price of the property as a function of its attributes, which typically is of the general form:  
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7 This marginal willingness to pay is assumed to be at the individual’s optimal choice. 
i
j
ijji XcP εβ ++= ∑ *  
 
where Pi is the sales or rental price of the ith residential property, Xij is the jth attribute 
for the ith property, βj is the parameter to be estimated for the jth attribute (implicit 
empirical marginal price for the attribute), c is the intercept constant term8, and ει is the 
random error term for the ith property.  However, the estimation of hedonic price 
functions is usually full of uncertainties concerning potential omitted variable biases, 
multicollinearity, choice of functional form for the price function, and spatial 
autocorrelation.  Problems of potential confounding effects or multicollinearity in the 
hedonic price function predictors are discussed in this study either in the data description 
or in the interpretation of results.  The functional form problem and the spatial 
association between values observed at different locations (spatial dependence or 
autocorrelation) are covered in the following subsections.   
 
 
2. Functional Form 
 
The estimation of the previous empirical relationship is usually done by means of 
ordinary least squares (OLS) regression.  This estimation method is linear in its 
parameters but not necessary in its variables.  Although some of the studies reviewed use 
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8 The intercept term could be interpreted as the fixed start up costs of housing production if sales price is 
used in the hedonic model (Armstrong, 1997). 
linear model specifications, theoretical issues regarding hedonic price methods suggest 
the use of non-linear model specifications.  For example, a log transformed model aids in 
reducing possible heteroscedasticity by compressing the scale in which the model 
variables are measured (Armstrong, 1997).  Therefore, flexible price functions are usually 
specified in order to address the functional form problem.  However, Cassel and 
Mendelsohn (1985) argue that this practice may compromise the function’s ability to 
tolerate misspecifications.  Prior evidence suggests simple functional forms such as 
linear, semi-log, double-log, and linear Box-Cox forms perform better than more 
complex ones (Cropper et al., 1998).   
 
Furthermore, recent empirical evidence regarding the impact of transportation systems on 
land values concludes that the best specification for the functional form is a semi-log 
(Garrod and Willis, 1992; Forrest et al., 1996).  Indeed, several authors have estimated 
only linear and semi-log specifications, and of the two, better results are produced by the 
semi-log (Damm et al., 1980; Bajic, 1983; Laakso, 1992; Forrest et al., 1995; So et al., 
1997; Henneberry, 1998).   
  
For this specific study there is no evidence that can provide expectations about the 
functional form for hedonic price functions.  Thus, in this study three sets of equations 
are estimated for the hedonic price function.  In the linear regression specification the 
dependent and independent variables are not transformed.  The semi-log specification 
transforms the dependent variable (logarithmic transformation) but the independent 
variables remain untransformed.  And the double-log specification involves both log-
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transformed dependent and independent variables9.  The double-log specification is 
particularly practical because the estimated parameters of the function can be interpreted 
directly as the elasticity of the property price with respect to the attribute of interest.   
 
For interpretation purposes, any noncontinuous attribute variable in the semi-log or 
double-log functional form is not transformed and it should be interpreted through its 
unbiased coefficient estimator.  This is the case for dummy variables in this study, for 
which Kennedy (1981) demonstrates that the change in the dependent variable can be 
calculated with a consistent estimate of the attribute variable (in asymptotic grounds) 
expressed by: 
 
( ) 1ˆ
2
1ˆexp −
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− jj Var ββ  
 
An alternative specification can be defined by means of a linear Box-Cox transformation 
(Box and Cox, 1964), which imposes fewer restrictions on the functional form.  The Box-
Cox transformation can be applied to the independent variable in the model and tested for 
the most suitable transformation.  Box-Cox transformation is of the form: 
 
λ
λ
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9 The log-transformed independent variables are the ones that concern continuous values.  Ordinal discrete 
or dummy variables are not transformed.  
where λ is a maximum-likelihood parameter estimated from the model.  The statistical 
software used to estimate the model tests for three values of λ that can yield popular 
transformation forms such as Pi-1 (λ = 1), semi-log (λ = 0), and 1-1/Pi (λ = -1).  
However, in the event that the estimated value of λ is different from these three values, 
the functional form does not account for the potential problem of spatial autocorrelation.  
In fact, the non-linear parameters that can arise from a linear Box-Cox transformation 
would make accounting for spatial autocorrelation with current econometric techniques 
extremely difficult (Leggett, Bockstael, 2000; Armstrong, Rodriguez, 2003). 
 
 
3. Spatial Autocorrelation  
 
The estimation of the functional forms explained above is usually done by means of OLS 
regression.  However, OLS estimates are optimal only when a number of assumptions are 
satisfied.  Some optimal properties of OLS estimates include that they have to be 
unbiased and achieve the smallest variance of all linear estimates.  This property is 
known as BLUE (for best linear unbiased linear estimate).  In addition to being BLUE, 
other properties that an OLS regression must hold are10: 
 
• A linear relationship between the dependent variable and each independent 
variable, 
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• No misspecification in the predictors or explanatory variables. 
• No correlation between the explanatory variables and the error term.   
 
While the hedonic price approach has long proved useful at explaining housing prices on 
the basis of physical and neighborhood-related characteristics, some portion of price 
variability may remain unexplained.  Sometimes, this unexplained variance of housing 
prices violates standard assumptions of the classical linear regression model.  For 
example, a portion of the unexplained variance may be caused by interdependence among 
observations in geographic space attributable to their relative location.  Said differently, 
the value of an observation at one location may be similar to that of an observation 
located close by for reasons other than those explicitly incorporated into the model 
(Bowen et al., 2001).  Therefore, spatial autocorrelation in the observations may represent 
a potential problem for the hedonic price function estimation.  This potential problem 
refers to the extent to which OLS regression assumptions are valid and hold for specific 
data. 
 
Several authors have addressed, largely on the grounds of fundamental theory, how these 
spatial concerns affect the coefficient estimation and its statistical tests in linear 
regression (Dubin, 1988, 1992; Anselin and Rey, 1991; Can 1990, 1992; Can and 
Megbolugbe, 1997; Basu and Thibodeau, 1998; Pace et al., 1998; Des Rosiers et al., 
2000).  Basically, in the presence of spatial autocorrelation where errors terms are 
spatially correlated, an OLS regression produces unbiased but inefficient coefficient 
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10 For additional and more detailed discussion of OLS properties, see Greene (1997), and Anselin (1988) in 
estimates and biased estimates of standard errors (Tse, 2002).  It can be stated that 
ignoring the spatial relationship among property observations is analogous to ignoring the 
ordering of time-series data.  In the case of evidence for spatial autocorrelation, a proper 
functional form for the hedonic price model will require the inclusion of variables 
reflecting the spatial arrangement and relationship between observations.   
 
Two different forms of spatial autocorrelation may occur.  One form is related with the 
lag term on the dependent variable.  The other one occurs when the error term follows a 
spatial autoregressive process.  Anselin (1993) defines the former as substantive spatial 
dependence, and the latter as spatial error dependence.   
 
In case of presence of spatial autocorrelation in the form of substantial spatial 
dependence, the hedonic price model function is expressed as a first-order spatial 
autocorrelation function:    
 
i
j
ijjii XWPcP εβρ +++= ∑ *  
 
where WPi is the spatial lag for housing price, which will be explained later, and ρ is the 
spatial autoregressive coefficient.  The rest of the variables and coefficients retain the 
same notation as the previous formulation.  In this hedonic price model specification, the 
spatial contiguity matrix is multiplied by the dependent variable (property value or rent) 
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a spatial context. 
and its estimated parameter in the equation is known as the spatial autoregressive 
coefficient.  Whether or not this coefficient is statistically significant (different from 
zero), and depending on the association structure represented by the spatial contiguity 
matrix, will determine the presence of spatial autocorrelation.  Conversely, if spatial 
variables are omitted in the presence of spatial autocorrelation, the hypothesis testing 
procedures from OLS regression, as well as the coefficient estimates for the attributes, 
may result in misleading conclusions. 
 
For the spatial error dependence form the equations are given by a combination of the 
standard regression model and a spatial autoregressive model in the error tem: 
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where ζ is assumed uncorrelated with fixed variance, and λ refers to the nuisance 
parameter, which is usually of little interest for purposes of analysis.  
 
Overall, if spatial autocorrelation is ignored by the hedonic price model (using simple 
OLS regression), and any of the two forms of spatial dependence are present, the 
assumptions of the OLS regression model will not hold.  Specifically, the estimated 
coefficients βj will be biased under substantive spatial effects, while for spatial error 
dependence, the coefficients will be inefficient but remain unbiased.  The consequences 
for the latter spatial dependence form are less grave than for the former.  However, in 
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practical terms it is not easy to distinguish between the two effects, since the error 
dependence implies a special form of the substantial dependence (Anselin, 1993).  The 
following subsection is devoted to explaining the diagnostic tools used to test for spatial 
autocorrelation, particularly substantial spatial dependence or spatial error dependence.   
 
 
4. Diagnosis Tests for Spatial Autocorrelation  
 
The problems associated with spatial data can be addressed by using diagnostic tools to 
test for misspecification problems of OLS-specified functional forms, and to determine 
the appropriateness of models that incorporate spatial autocorrelation.   
 
Various authors have showed the usefulness of techniques such as centrographic analysis, 
trend surface analysis, spatial pattern analysis and autocorrelation analysis (Odland, 
1988; Cressie, 1993; Ord and Getis, 1995; Tiefelsdorf and Boots, 1997) as well as 
variography and Kriging techniques (Dubin, 1992; Panatier, 1996) with hedonic price 
model applications.  These methods are usually used to assess the neighborhood where 
spatial autocorrelation is present.  Moreover, substantial work has been devoted to the 
employing of spatial autocorrelation techniques (see Anselin and Florax, 1995 for a 
review), to correct for spatial autocorrelation (see Pace et al., 1998b; Dubin et al., 1999 
for an overview), and to the development of spatial hedonic model techniques 
(Geoghegan et al., 1997; Goodman and Thibodeau, 1998).  The diagnosis for spatial 
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autocorrelation has been extremely limited in current commercial GIS packages.  Only 
limited attempts have been done to develop user-friendly spatial statistical modules for 
GIS environments (Zhang and Griffith, 1997), and advanced spatial statistical procedures 
have not been fully integrated.  In this study tests for spatial autocorrelation are used back 
and forth between GIS and statistical software packages.   
 
a) Distance band 
 
The first step in diagnosing spatial problems with hedonic price methods consists of 
determining the spatial contiguity matrix.  The contiguity matrix refers to a conceptual 
definition of contiguity.  The definition of contiguity is determined by the distance band 
in which any two price value residuals are statistically correlated.  One way to determine 
that distance band is by observing the variation of a property value’s covariance at 
different separation distances.  This technique is known as the variogram analysis, which 
may be estimated for a given sample by (Bowen et al., 2001): 
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where ei, and ej are two price residual observations, and the summation is over all n pairs 
of observed data with a separation distance d.  In the variogram analysis d is set at 
different values.  The graphical representation between the covariance and the band 
distances is known as the empirical variogram.  Once the empirical semivariogram has 
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been created, the values are fit with a model similar to fitting a least-squares line in 
regression analysis.  The fitting function such as the spherical type rises at first and then 
levels off for larger band distances.   
 
The variography explores the spatial autocorrelation phenomena explained above.  The 
semivariogram can help to depict the spatial autocorrelation of residuals estimated in the 
hedonic regression analysis.  Once each pair of residuals is plotted a model will be fit 
through them.  Where the variogram reaches its maximum (sill), the distance band will 
suggest the maximum level of spatial autocorrelation (Bailey and Gatrell, 1995).  This 
distance band is then used to define the neighborhood threshold for the structure of the 
spatial contiguity matrix.  The Figure 3 shows an example of the fit model for an 
empirical semivariogram with the sill and its corresponding distance band. 
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Figure 3 - Empirical and modeled semivariogram 
 
   Source: ERIS ® ArcMapTM 8.2, 2002 
 
b) Spatial Contiguity Matrix  
 
Once the band distance (d’) has been set, the second step of diagnosing spatial problems 
consists of constructing the spatial contiguity matrix (W).  The elements of this matrix 
contain information about the location or spatial arrangement between two properties (jth 
row and jth column).  Location information can be expressed in terms of a dummy 
variable (whether or not they are in the same contiguity neighborhood), or a distance 
contiguity measure (e.g., the Euclidean distance between the two pair of properties 
factored by any parameter, as in the gravity model).  Usually, the spatial contiguity 
matrix is row-standardized (elements of a row sum to one).  The product of the row-
standardized contiguity matrix by a vector of observations, for example, housing prices, 
yields a vector of weighted neighboring averages for housing prices.  This operation 
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(WPi) is often referred to a spatial lag11.  In this study different spatial contiguity matrices 
(W) have been constructed using the inverse Euclidean distance factored by three 
parameters as follows: 
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Although the value of the distance band (d’) is expected to be determined by the 
variogram analysis, in this study a sensitivity analysis and double-checking process is 
performed by varying the distance band measures.  Indeed, ten distance bands were tested 
for each of the three distance factors.  Therefore, spatial diagnostic tests are performed 
for 30 contiguity matrix specifications as illustrated in Table 2.  
  
                                                 
 53
11 The term spatial lag in discrete space autoregressive modeling refers to averaging of neighborhood 
values, while in time series analysis the lag terminology hold for an actual shift in time of the variable. 
Table 2 - Combinations of Spatial Contiguity Matrices Tested 
Distance band (d’) in meters Friction factor (f) 
 1 1.5 2.0 
604* n=1   
700    
800    
900    
1,000    
1,100    
1,200    
1,300    
1,400    
1,500   n=30 
* This distance band corresponds to the largest minimum distance.  If an upper bound smaller 
than 604 meters is specified, there will be at least one property with no neighbors. 
n is the number of contiguity matrix specifications 
 
 
c) Spatial Autocorrelation Tests  
 
Back on the spatial autocorrelation functions presented before, and having already the 
different specifications for the spatial contiguity matrix, which is part of the lag term WPi 
in both equations, the next step consists of testing for spatial autocorrelation in the data.  
However, as was explained before, two different forms of spatial autocorrelation may 
occur; substantive spatial dependence and spatial error dependence.   
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Historically, some authors have been focused on tests for spatial error dependence such 
as Moran’s I (Cliff and Ord, 1972), similar to the Durbin-Watson test used for serial 
correlation in time series analysis (Durbin and Watson, 1950).  However, some authors 
(Anselin and Rey, 1991) have shown how Moran’s I is very sensitive to the presence of 
other forms of specification error, such as non-normality and heteroskedasticity (Anselin, 
1993).  Alternative tests based on the Lagrange multiplier (LM) principle were developed 
by Burridge (1980) for spatial error dependence and by Anselin (1998b) for substantive 
spatial dependence.  Monte Carlo simulation experiments (Anselin and Rey, 1991) have 
shown how LM tests provide a better sensitive indication of the spatial autocorrelation 
type form compared to Moran’s I.  Anselin (1993) summarizes those findings by saying: 
 
• LM tests provide a good sense of which alternative is the most appropriate one 
when one of the two is significant, and the other is not. 
 
• When both are significant, the one with the largest significant value tends to point 
to the correct alternative. 
 
In this study, diagnoses for spatial autocorrelation in the OLS functional forms specified 
above are performed by means of Lagrange multiplier tests (Anselin and Getis, 1992) and 
their robust counterparts (Anselin et al., 1996).  These tests are used as diagnostic tools to 
test for spatial autocorrelation in the form of a spatially lagged dependent variable, and 
dependence in the regression error term.  The tests are conducted for the 30 different 
combinations of spatial contiguity matrices shown previously.   
 
Returning to the spatial specification for the hedonic price functions, these model 
specifications violate one of the basic OLS regression assumptions (uncorrelated error 
term with the explanatory variables).  In fact, the error terms εi in the substantive spatial 
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dependence form will be correlated with the spatial lag variable, WPi.  This violation will 
yield biased and inefficient estimates using OLS estimation methods (Anselin, 1988, 
1993).  Therefore, due to evidence of spatial autocorrelation, it is necessary to estimate 
hedonic price functions with alternative methods.  Maximum Likelihood (ML) estimation 
yields efficient estimates of implicit prices that are optimal in an asymptotic sense 
(Anselin, 1993).  In addition to the asymptotic properties for the coefficient estimates 
(which are not very good for small samples), ML estimation assumes normality in the 
variables.   
 
5. Heteroskedasticity 
 
Finally, this study tests for heteroscedasticity in the estimated model residuals.  
Heteroscedasticity, which violates the OLS assumption of identically distributed error 
terms, may also be reduced by segmenting the data by ranges of rental prices and 
estimating separate models.  In this study, Lagrange multiplier tests developed by 
Breusch and Pagan (1979) and Cook and Weisberg (1983), are used to examine the 
presence of heteroskedasticity in the residuals.  Instead of the OLS regression method, 
weighted least squares (WLS) estimation is used in the presence of heteroskedasticity.  
WLS models are estimated based on a heteroskedasticity-consistent covariance matrix of 
the parameter estimates.  The WLS estimation is consistent with the heteroskedasticity-
corrected estimates described by White (1980). 
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 VII. Study Design & Data 
 
 
The data collection process for this study began with the selection of a 1.5 kilometer 
(0.93 mile) buffer area around the two-lane busway system (in the corridors Caracas and 
Calle 80.)  This buffer area is slightly more inclusive than previous studies where 
accessibility benefits arising from light rail transit systems were examined within one 
kilometer of stations (Laakso, 1992; Henneberry, 1998.)  Information regarding 
residential advertised rent prices and structural attributes was collected for all properties 
available for rent within this buffer area.  The collected residential property information 
represents a census within the busway impact area rather than a statistical sample (Figure 
4).   
 
Residential properties available for rent were identified through field-visual inspection of 
“for rent” advertisements on windows/properties and via newspaper classifieds.  
Qualified interviewers conducted telephone interviews of all the residential properties 
identified as available for rent.  For the Bogotá housing market, these two methods of 
advertising are the most common.  Thus, although systematic differences in properties 
listed in places other than newspapers or in the property place area are expected, these 
advertised properties are a samall portion of the market.  Nevertheless, a control variable 
for the type of data source is included in the hedonic price model’s functional forms.    
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Figure 4 - Residential Properties on the Study Design Area 
 
 
The final data set consists on a sample of 494 single-family and multi-family residential 
properties surveyed from February to April of 2002.  The 494 cases resulted from a 
quality control procedure that discarded inadequate observations to be included in the 
final analysis. Although 600 properties were originally surveyed, 96 of them lacked 
substantial structural information.  The missing information occurred in various attribute 
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variables, which made the application of any imputation method inappropriate and 
inaccurate.  
 
There is some degree of concern around potential bias in the selection of residential 
properties.  On the one hand, there is no risk for potential confounding influences such as 
main roadway arterial access or accessibility to other transit services because these are 
reasonably homogeneous in the study area.  For example, there were 940 urban and 
suburban bus routes authorized before the implementation of the TransMilenio system 
(Figure 5).  As a result, Bogotá had and may still have one of the most flexible bus transit 
system in the world: 95 percent of the population had a bus transit route less than 200 
meters from their point of trip origin (Kozel, 1981).  On the other hand, proximity-related 
effects (negative externalities) associated to being close to main roadway arterials or 
roads with heavy traffic are just some examples of potential confounding factors missed 
by the study design that may still influence the variation in rent price.  Some of these 
potential confounding variables are described in this section with the implication 
associated with their omission.  Finally, although observable differences in density, 
socioeconomic stratum, and crime rate are not used as experimental controls, the 
functional forms of the hedonic price models control empirically for them.   
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 Figure 5 - Bogotá’s Bus Transit Routes 
 
 
First, the dependent variable (advertised rental price) is discussed, particularly its 
relationship with land value and market rental prices for residential properties.  The need 
for geocoded residential property data and Cartesian coordinates is also discussed.  In 
addition to structural attributes for the residential properties, discussed at the end of this 
section, explanatory variables such as accessibility, neighborhood characteristics, and 
proximity-related attribute data collected for the analysis are also explained.   
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In order to isolate local and regional accessibility benefits from proximity-related 
externalities, a GIS-aided approach requiring detailed use of micro-level georeferenced 
data was adopted.  Local accessibility effects of the busway are measured by walking 
access time to the nearest busway stop, while regional accessibility effects are measured 
as an activity-weighted regional index of accessibility to all stations in the system.  
Euclidean distance from the property to the busway right-of-way is used as a measure of 
proximity-related effects such as noise and air pollution.  Finally, neighborhood attributes 
such as socioeconomic, demographic, land use, crime, and traffic accident data were 
obtained from a variety of public organizations, including the Departamento 
Administrativo Nacional de Estadistica (National Statistics Department), Transmilenio 
S.A., and reports developed by consulting firms.  Neighborhood attribute variables were 
measured for a buffer area of 250 meters around each residential property.     
 
 
1. Land Value and Residential Asking Rent Price 
 
There is no reason to expect any significant change in rent prices due to time variations 
because the data were collected during a period of two months (February to April.)  
Using this assumption it is not necessary to account for real estate market fluctuations or 
to estimate a housing rent index based on repeat property rentals.  The absence of any 
potential seasonal confounding effects in the real estate market during this time period 
permits the use of a cross-sectional approach for this study. 
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However, there are two characteristics of the dependent variable used in this study that 
require further explanation.  The first one is related to the use of rental price instead 
selling price, or land value, as land economic theory specifies.  The second one refers to 
the use of the asking rental price instead the actual or market rental price. 
 
For the first dependent variable characteristic, I assumed an empirical housing rent-land 
value relationship adopted from the standard neoclassical theory of urban housing 
production (Muth, 1969).  This means that rental prices are a theoretical representation of 
the land value for housing services.  In fact, in a study of residential land values in the 
vicinity of a new transit line in Chicago, McDonald and Osuji (1995) demonstrate an 
application of this relationship.  They show how the impact of increases in housing rents 
on land values can be empirically associated with the elasticity of supply of capital or 
zoning constraints that limit the ratio of capital to land.  Therefore, as the factors that 
influence land value change, land rents are expected to change.  Although this empirical 
relationship is not estimated in the current study, the concept is highly relevant to policy 
implications analyzed in this study, such as land-based tax instruments that hinge on the 
capitalization of positive busway effects.   
 
The second characteristic regarding the dependent variable is the use of asking rental 
price instead the actual or market rental price.  The main concern for using the advertised 
asking price is related to any potential systematic bias for differences between the asking 
and the market rental price, and the variation of this bias depending on unobservable 
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characteristics of the housing property unit.  These variations between the advertised 
asking price and the market rental price can be due to unobservable characteristics such 
as vacancy status (e.g., the property might be vacant or occupied), the period of time that 
the property has been vacant, and other contextual variables of the tenant and the real 
estate market.  Indeed, in a study that analyzes the listing price, selling price, and selling 
time relationship for residential properties, Knight (2002) concludes that listed and 
ultimate rental prices tend to differ depending on vacancy, property features, and 
contextual variables of the real estate housing market.  The implication of this study is 
that the relationship between asking and actual rental prices is an empirical matter.  What 
really matters for this study is whether this relationship is variable and dependent on 
unobservable characteristics of the study design.  If there is an unobservable variable bias 
on the relationship between the two prices, the listed asking price would not represent a 
good proxy for the market rental price.  In the absence of a variable bias the use of listed 
or advertised asking prices offers compensating advantages: 
 
• A large number of property observations (and equally spatial distributed) can be 
obtained in a particular point of the time.  This feature allows for dealing with 
cross-sectional data structures and disregarding potential seasonal confounding 
effects. 
• Potential systematic bias in the price measure can be reduced by obtaining the 
data from a consistent source such as the newspaper classified advertisement 
market, rather than relying on differing practices across real estate agencies.  It is 
assumed to provide a consistent perspective. 
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 Despite the potential bias of using this variable, this paper uses the asking rental price as 
the dependent variable.  This is similar to previous studies regarding transport investment 
and housing prices (Cheshire and Shepherd, 1998; Henneberry, 1998) or for commercial 
properties (Landis et al., 1995).  Under the context of hedonic price models other authors 
have also used the residential asking rental price to estimate effects such as the 
uncertainty of construction quality (Yang, 2001), the prohibition of smoking in vacation 
properties (Benjamin et al., 2001), and the external effects of agricultural activities (Le 
Goffe, 2000.)  This approach assumes that the same influences on asking prices will 
apply to actual or market prices; that is, the former represents a good proxy for the latter.  
Although the use of actual prices is recommended when sufficient data can be assembled, 
these data are not available for this study area.  In lieu of actual market transactions, this 
study relies on advertised asking price.  The following figure illustrates the distribution of 
the advertised rental price for the 494 residential properties. 
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Figure 6 - Advertised Rental Asking Price 
 
 
2. Georeferencing Residential Property Data 
 
Despite the advantages of hedonic price modeling and adequate experimental and 
empirical controls for structural, neighborhood, and proximity-related effects, price 
variability might be intimately related to geographical location.  This effect will cause 
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prices in close by locations to be more strongly correlated than price values in locations 
that are far apart.  This characteristic, known as the first law of geography (Tobler, 1979), 
will affect the properties of the hedonic regression coefficients and standard errors.  The 
implications of these problems and how they are addressed are presented in the following 
sections.  However, it is important to note that to account for this, one must consider a 
property’s location in space relative to other properties.  This requires data to be 
geocoded.   
 
The process of geocoding spatial data such as residential property locations was assisted 
by a GIS-aided environment.  The process of geocoding an assigned projected latitude 
and longitude location to each observation was performed based on the best address-
matching point locations using street addresses and road network names and numbers.  
These projected latitude and longitude measures are then transformed into Cartesian 
coordinates in order to obtain Euclidean distances between each pair of properties.  
Euclidean distances are necessary to construct the spatial contiguity matrix explained 
above in the methods section. 
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 3. Local Accessibility 
 
The concept of accessibility has been a concept used in early theories of urban form and 
growth.  Central place theory and earlier urban models were based on a centrality concept 
and the direct relationship between values of land and the distance to the Central 
Business District (CBD).  However, due to the polycentric pattern of most modern cities, 
using mere Euclidean distances to the CBD falls short of integrating all relevant aspects 
of accessibility (Hoch and Waddell, 1993).  
 
For this study area, access to the busway stations is predominantly by pedestrian modes 
and transfers from local and metropolitan bus modes.  Other modes of access to busway 
stations such as bicycle or car are either infrequent or irrelevant given that there are not 
adequate and integrated facilities for inter-modal transfers.  Therefore, other factors 
influencing local accessibility such as parking space availability or parking cost at the 
busway are not applicable for this specific study.  Previous studies of rail transportation 
systems impacts on housing prices have also accounted for the potential correlation 
between local accessibility and mixed land uses (Armstrong and Rodriguez, 2003).  
Although this study does not control for land uses around busway stations, it controls for 
each residential property as a neighborhood attribute.  It may be the case that local 
accessibility to busway stations is correlated with access to areas with mixed land uses 
where commercial and office activities are more likely to be co-located.  Therefore, the 
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degree to which individuals value access to these uses will be included in the estimate of 
busway access.  However, the risk of overstating the benefits of busway access should 
not be very serious, since policies aimed at spurring land development with 
transportation investments will necessarily include the total benefits captured by these 
estimates (Armstrong, Rodriguez, 2003).   
 
Consistent with the hedonic price function approach, Ryan (1999) argues that the 
accessibility benefits of a transportation mode should be considered relative to other 
modal options available to individuals.  Additionally, measuring accessibility as travel 
time is consistent with the notion of access time as a disamenity or perceived 
inconvenience that individuals try to minimize.  However, since walking is the primary 
mode of local access to the busway stations, a single mode (walking) with a measure of 
network-based access distance is consistent with the hedonic price theory.   
 
In this study, local access time is measured as the shortest roadway network path from 
each residential property to the nearest busway station, rather than a mere Euclidean 
distance.  This approach assumes that every network link is associated with a pedestrian 
or sidewalk link.  The assumption does not represent a problem since Bogotá’s roadway 
configuration is mostly walkable.  This study used the Network Analyst extension in a 
GIS environment that allowed me to identify the nearest busway station for each 
residential property and the shortest network-based path distance.  The following figure 
illustrates a graphical representation of the method used to calculate the nearest busway 
station to each property and the shortest network-based path distance. 
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Figure 7 - Shortest Network-Based Path Distance to the Nearest Busway Station 
 
 
4. Regional Accessibility 
 
The second measure of accessibility is related to a regional measure of access to pole 
attractors of activities along the busway.  This measure of regional access is consistent 
with the broad accessibility definition of travel time to potential or realized activity 
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centers provided by the busway facilities.  For the purpose of this study, regional 
accessibility is measured in terms of line-haul travel distance from the nearest busway 
station to three pole attractors of activities.  The first pole attractor is the financial district 
or CBD, located at the Calle 76 station.  The second is the city’s downtown, located at 
the Calle 13 station.  And the third activity attractor is measured as an activity-weighted 
regional index of accessibility to all the stations of the busway system.  
 
Figure 8 – Downtown and Financial District Busway Stations 
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While regional access measures to the CBD and downtown were calculated simply as 
line-haul travel distance from the nearest busway station to the CBD and downtown 
stations, the activity-weighted regional index required more extensive work.  The 
activity-weighted regional index was estimated based on the line-haul travel distance 
from the nearest busway station to the center of gravity of the destination of rides that 
boarded the system at that station.  This calculation was performed from an origin-
destination ridership matrix for the AM two-hour peak period.  The ridership matrix 
contains the number of passengers boarding at a specific station in each row, and the 
destinations (busway stations) of those boarding at that station in each column.  The 
activity-weighted regional index for each nearest busway station i is calculated as 
follows: 
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where ridership and distance from station i to station j are estimated from the origin-
destination ridership and distance matrices.  The negative power in the formula above is 
used because the units of the index in parenthesis are an inverse distance.  This approach 
was adopted since ridership between pairs of stations was sometimes zero.  An alternative 
means of calculating the activity-weighted regional index was to calculate the distance 
between stations over ridership, and then multiply the row-sum by the total ridership.  
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However, constructing the index in this way creates some undetermined pairs of 
information (because ridership between some stations is zero).  For this reason, a 
normalized index of ridership over distance was estimated and then inverted to obtain an 
activity-weighted regional index of distance measures. 
 
Although it previously was stated that travel time measures of accessibility are preferred 
to distance measures, this study estimates regional access distance measures instead of 
travel time measures for three reasons.  First, the system’s frequency of service is fairly 
similar along the two-lane busways, resulting in similar waiting times at each station.  
Second, bus speeds are similar along the most segments of the busway.  However, the 
travel time and system operation is affected by signalized intersections along the 
corridors.  The Caracas corridor in particular experiences more exposure to interrupted 
flow due to more signalized intersections than the Calle 80 corridor.  These effects and 
other small systematic effects on each particular corridor are controlled for with a dummy 
variable.  And third, the absence of other modal options available to individuals rather 
than the busway is particularly important for this analysis.  For all these reasons, the use 
of distance measures for accessibility is equivalent to travel time measures and facilitates 
the interpretation from the hedonic model results.  
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5. Combined Accessibility 
 
In addition to a model specification with the measures of local and regional accessibility, 
an alternative hedonic model function is defined with a combined measure of local and 
regional access.  This alternative model specification was tested in order to analyze 
overall accessibility.  For example, in some cases a residential property may benefit from 
high local accessibility to a busway station.  However, if this busway station has low 
regional accessibility to the city’s activity centers, overall access may not be as valuable 
as is suggested by the local measure.  Similarly, residential properties with low local 
accessibility and high regional accessibility may benefit differently.  The combined 
measure of accessibility captures the overall accessibility of each property but does not 
differentiate between regional or local measures.  
 
This combined measure of access is constructed based on the shortest network-based 
travel distance to busway stations, a travel time penalty for the average waiting time in 
stations, and line-haul travel distance from the nearest station to the activity-weighted 
regional index.  Transfer time penalties are not considered given that the primary access 
mode to stations is walking.  Penalizing walking and waiting time is consistent with 
empirical evidence that suggests that out-of-vehicle travel time is more onerous for 
travelers than in-vehicle travel time (Ben-Akiva and Lerman, 1985).   
 
The combined measure of accessibility is calculated as the sum of the local accessibility 
distance weighted by a factor of 14 and the regional distance accessibility.  This 
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weighting factor comes from the relationship between walking and busway speeds, 
average waiting time, and an overall out-of-vehicle time penalty: 
 
• Bogotá’s busway system operates at a regular commercial speed of 27 Km/h (16.7 
miles per hour) along the busway corridors.   
 
• This study uses an average of 4.83 Km/h (3 miles per hour) for walking speeds 
based on traffic engineering (Garber and Hoel, 2001) and transit planning 
practice. 
 
• Median waiting time at busway stations is reported as being between 5 and 7 
minutes. 
 
Therefore the combined measure of accessibility can be expressed by: 
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6. Proximity-Related Effects 
 
One of the key experimental design features of this study is the isolation of local and 
regional accessibility benefits from proximity-related externalities.  Previous research 
work on transportation and land use has neglected the analysis of the two effects 
disjointedly.  As a consequence, the effect of being near a transportation facility was 
being captured in the hedonic price models by the combined effect of two different 
factors with expected opposite signs.  One is the positive effect of being closer or more 
accessible to the transportation system and its services (i.e. station).  Measures for local 
and regional accessibility used in this study were already explained in the previous 
section.  The other effect is related with the negative externalities associated of being 
near to the right-of-way of a transportation facility.  For example, environmental 
externalities such as noise and air pollution produced by buses and cars heavy traffic are 
expected to negatively affect the value of the properties.  Recent evidence indicates that 
traffic externalities are implicitly priced in the housing market (Hughes and Sirmans, 
1992).   
 
In this study, Euclidean distance from the residential property to the busway right-of-way 
is used as a measure of proximity-related effects such as noise and air pollution.  Given 
the small distance between busway stations (500 meters on average), there is a high 
correlation between measures of local accessibility and proximity-related effects (Person 
correlation = 0.93).  However, the inclusion of these highly collinear explanatory 
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variables in the model functional form is theoretically justifiable if they are the primary 
object of interest (Leggett and Bockstael, 2000).   
 
Empirical evidence hidden in the coefficient estimates for these variables may also 
provide proof for the correctness of the model specification and the accuracy of 
estimates.  In the model estimation process the presence of multicollinearity yields two 
effects.  One effect is overestimation of the model explanatory power, given by R2.  The 
other effect consists of biased (overestimated) standard errors for the coefficient 
estimates of the model.  In other words, large standard errors can lead to insignificant t-
values for the coefficient estimates.  Thus, in the case of having statistically significant 
estimates with opposite signs for local accessibility and proximity variables, the presence 
of multicollinearity due to high correlation between these variables will not pose a 
serious problem.  Alternatively, these coefficient estimates will accurately show that a 
positive effect on housing properties is derived from local accessibility to busway 
stations, while proximity to the right-of-way will derive a negative effect.  The following 
figure shows graphically the difference in the two measures. 
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Figure 9 - Difference between Local Accessibility and Proximity to the Busway 
Right-of-Way 
 
Proximity
Local Accessibility
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7. Structural Attributes 
 
Accessibility and proximity-related effects of the busway system are the primary 
concerns for this study.  However, it is necessary to control for residential property 
attributes that can influence the asking rent price.  These attributes can be pure structural 
attributes of the residential property or site attributes of the area of land on which the 
property is located.  This study basically controls for structural attributes given the data 
structure and the residential property characteristics of the area of analysis. 
 
Structural attributes include usable living area (in square meters), number of bedrooms, 
total number of bathrooms (including half baths), and a dummy variable indicating if the 
property has both living and dining room areas.  A dummy variable indicating if the 
property is less than 10 years old is used as a proxy for structural quality. The use of this 
proxy variable is justified on the premise that structures tend to wear out with age or 
become obsolete, which may reduce the potential marketability of the property 
(Armstrong and Rodriguez, 2003).  All of these variables are expected to increase the 
value of the hedonic price functions.  
 
Some missing cases from the usable living area and the dummy age variable were 
imputed from the sample data.  Specifically, 32 missing values (6.5%) from the usable 
living area variable were filled by a best-subset regression (imputed) method.  The 
imputation method consists of estimating a regression equation based on the set of 
complete observations that best predict the values for the missing observations.  This 
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estimation is based on the value of the other variables and the estimated equation.  
Similarly, the 23 missing values (4.7%) from the dummy age variable were set to the 
median.  For each of these two variables with imputed observations, an additional 
dummy variable is used in the model specifications in order to capture the particular 
effect of the imputed observations. 
 
The residential properties surveyed in this study constitute, in most cases, apartments in 
low- and medium-rise buildings.  Most of these buildings’ lot size areas do not include 
additional communal area for the properties such as parks or entertainment rooms.  
Indeed, if the property enjoys of some of these site amenities such as communal parks, 
entertainment rooms, or private security service, these are paid for via an administration 
fee, which is not included in the asking rent price analyzed in this study.  Therefore, the 
lot size area for a property, which has been used in previous studies (Nelson, 1992; 
Gatzlaff and Smith, 1993; Legget and Bockstael, 2000; Armstrong and Rodriguez, 2003), 
is not included in this analysis.  Other studies have also included site and structural 
attributes such as type of heating system, the presence of garages, and the presence of a 
swimming pool in the hedonic price functions.  Given the characteristics of Bogotá’s 
residential properties, the only concern is the omission of garage availability data.  
However, similar to the logic used by Armstrong and Rodriguez (2003), it is expected 
that structural variables such as usable living area and number of bedrooms, in addition 
to neighborhood measures such as population density, may act as proxies for this effect; 
therefore, the estimated coefficients would not be biased. 
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8. Neighborhood Attributes 
 
Accessibility, proximity-related effects, and structural attributes of residential properties 
are complemented by another set of explanatory variables.  Similar to previous research 
work, measures of neighborhood quality and neighborhood–level externalities are 
expected to influence residential property rent prices.  The study design includes a set of 
socioeconomic, sociodemographic, land use, and crime variables at the neighborhood 
level.  Most of these variables required the use of an elaborate GIS-aided approach to 
assign neighborhood-level data to each residential property.    
 
Previous studies have found that the value of accessibility to transit vary with income 
levels (Diamond, 1980; Gatzlaff and Smith, 1993; Nelson, 1992).  In this study a 
socioeconomic stratum variable is used as a proxy for median household income at the 
neighborhood level.  Additionally, this stratum variable embodies an overall 
socioeconomic indicator of the area and the amenities that might influence the assessed 
value of the property.  Bogotá’s urban area has been divided into socioeconomic stratum 
areas (Figure 10) that determined, among others, the cost rate of utilities such as water 
and sewer, phone, power, and gas.  Although it is not expected that stratum directly 
affects the rental price of a property, it might do so indirectly through utility rates.  There 
is no concern regarding changes of the structure of stratum classification for the city in 
the last few years. 
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Figure 10 - Socioeconomic Stratum 
 
 
Sociodemographic and land use variables at the neighborhood level were obtained from 
the Departamento Administrativo Nacional de Estadistica (DANE: National Statistics 
Department) and a conceptual design report prepared by a private consulting firm for the 
Transmilenio project in 1998.  In this report, census data from DANE were aggregated 
into a system of 635 TAZs (Traffic Analysis Zones).  Of special concern is the gap 
between the time when these data were collected and the time when rental price and 
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structural attributes of the residential properties were collected.  At the time of this study 
no more recent sociodemographic and land use data on the study area were available.  
Although the gap of time for these data is between three to four years, changes in 
sociodemographics and land use usually span longer periods of time.  Therefore, it is 
expected that differences in sociodemographic and land use variables between 1998-1999 
and February-April of 2002 are not significant.   
 
For each TAZ, data on sociodemographic characteristics and land uses were available.  
For sociodemographic variables, the hedonic models of this study are specified with 
population and employment density.  Population density is measured by 1,000 people per 
square kilometer (0.4 square miles).  Two different measures of employment density are 
used in this study.  One variable is the density of primary and secondary sector 
employment measured by 1,000 jobs per square kilometer.  The other variable measures 
density of tertiary sector employment, also by 1,000 jobs per square kilometer.  The 
primary and secondary sectors stand for agricultural and manufacturing jobs, while the 
tertiary sector stands for service and institutional jobs.  
 
Land use variables were constructed as the percentage of urbanized area dedicated to 
commercial, residential, or institutional uses.  The percentage of area dedicated to each 
specific land use was obtained at the TAZ aggregation level.  In addition to the 
aforementioned land uses, the percentage of area under extreme poverty conditions was 
also estimated as a proxy for a disamenity of the neighborhood area.   
 
 82
Once the sociodemographic and land use data were collected at the TAZ level, the next 
step consisted of assigning these polygon data to point data (residential property 
attributes).  However, the area of each TAZ varies significantly along the busway and its 
1.5 km-buffer area where residential properties are located.  In some cases the location of 
a property fell on the borderline of two or more TAZs.  If the value for those sharing 
TAZs was significantly different, a problem related the proper what value to assign arose.  
For this reason, it was necessary to create a neighborhood buffer area for every 
residential property.  This buffer area is used to assign TAZ-level data proportionally to 
the neighborhood area of each residential property.   
 
A buffer area of 250 meters around each residential property was created in order to get 
homogenized TAZ-level data in the vicinity of housing properties.  Based on this buffer 
area, sociodemographic and land use variables at the TAZ-level were assigned to each 
residential property.  The assigned value consisted of an area-weighted average of the 
values among the shared TAZs.  The values of the variables for each TAZ that fall within 
the property buffer were weighted based on the shared TAZ area and the total area of the 
residential 250-meter buffer area.  Figure 11 shows an example of how population 
density12 for each residential 250-meter buffer area is the result of weighted TAZ-level 
values by the area shared within the property buffer area.   
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12 1 square kilometer is equivalent to 100 hectares. In fact, recent statistics show the overall population 
density for the whole city is 230 people per hectare (Diario El Tiempo, 2003). This population density is 
significantly higher than other urban areas all around the word. 
Figure 11 - Assignment of TAZ-Level Data to Property’s Neighborhood Area 
 
 
The next group of neighborhood attribute variables consists of crime data.  Crime data in 
this study is used as a proxy for neighborhood–level externalities or disamenities.  Three 
measures of crime rates expected to influence the neighborhood attributes and the rental 
prices were obtained at the locality level for year 2001.  It is expected that differences in 
crime rate variables are not significant between 2001 and February-April of 2002, when 
rental prices were collected.  These variables were measured as the number of break-ins 
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on residential properties, the number of robberies of individuals, and the number of 
homicides; each variable is measured per year and per 1,000 people.  The crime rate 
variables are used in the hedonic price models as a proxy for the overall level of safety 
and personal security in each locality or neighborhood.  However, crime rate data were 
available only at a more aggregated level than the TAZ-level.  The following figure 
shows the number of homicides per 1,000 people at the locality level.  
 
Figure 12 - Homicides Rate at the Locality-Level 
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Similar to the methodology adopted for sociodemographic and land use variables, crime 
data were assigned to each residential property based on a 250-meter neighborhood 
buffer area.  This buffer area around each residential property was created in order to get 
homogenized crime data at the locality-level in the vicinity of housing properties.  The 
crime rate values for each locality that fall within the property buffer were weighted 
based on the shared locality and the total area of the residential 250-meter buffer area. 
 
There are other unobserved confounding factors that may influence rent price variability 
such as the presence of residential zoning controls.  However, for the study area, even if 
there are areas where residential zoning controls exist, these have been poorly enforced 
over recent years.  A recent article in the local newspaper explained how even the most 
traditional neighborhood districts of the city have been exposed to intensive and mixed 
uses (Diario El Tiempo, 2003).  Additionally, the study area is characterized by a 
homogeneously intensive and mixed use of land.  Therefore, the absence of site zoning 
data in the model structure is not expected to significantly or systematically influence the 
results.  
 
Proximity to open space areas and the presence of parks or recreational areas is also 
expected to influence the quality of the neighborhood.  For this particular effect, the 
percentage of open space area at the TAZ aggregation level was initially included in 
model specifications.  However, after an exhaustive inspection and analysis of this 
variable, it was found that the variable includes both parks or recreational areas and 
unoccupied lot areas vacant for future construction.  Unoccupied lot areas are usually 
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private property without access to the public for recreation.  Additionally, these areas are 
perceived as an unsafe amenity in the neighborhood.  Because it was not possible to 
differentiate these areas from open space areas such as parks and recreational areas, this 
variable was not included in this study.    
 
In most of the studies of the effect of transportation investments on land values, 
particularly in the US, municipality-level attributes are included the hedonic price models 
because they represent a significant factor in location decisions.  Municipality-level 
attributes such as quality of the educational system, municipal tax rates, and quality of 
local police and fire services are expected to influence location decisions and thus the 
perceived residential property value.  However, for the city of Bogotá and for all of the 
urban areas in the country, there is neither a system of school districts nor municipally 
differentiated property tax rates.  Therefore, the omission of these particular 
municipality-level data is not of concern for potential confounding influences that can 
influence rent price variability. 
 
Finally, an additional available site and neighborhood attribute variable was the average 
assessed value of residential properties at the Lonja level.  Lonja zones are sample areas 
distributed along the city that are used to infer the overall assessed property values.  
Some authors have used the assessed value as a proxy for unobserved property attributes 
(Leggett and Bockstael, 2000.)  Lonja values, however, are only available for a few 
residential properties in this study area (Figure 13).  On the other hand, the DANE has an 
additional estimate of assessed residential property value.  These values were obtained at 
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the TAZ level and included initially in the hedonic model specifications.  However, the 
use of this variable is only justified when it captures unobserved property attributes that 
the explanatory variables are not capturing.  Indeed, this was not the case for this study; 
instead, the assessed value variable was highly multicolinear with the explanatory 
variables included in the model.  For this reason, assessed property value was not 
included in this study.  
 
Figure 13 - Lonja Zones for Assessed Property Values 
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9. Summary 
 
In summary, the hedonic price function to be estimated in the following section can be 
expressed by:  
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where , , Sβ
r
Nβ
r
Aβ
r
, and Pβ
r
 are vectors with coefficient estimates for structural, 
neighborhood, accessibility, and proximity-related effects or attributes.  The vectors X 
next to each vector of coefficients correspond to the attributes for the ith property.   
 
In case of the presence of spatial autocorrelation in the form of substantial spatial 
dependence, the hedonic price model function to be estimated is expressed as follows: 
 
i
oximity
iP
ityAccessibil
iA
odNeighborho
iN
Structural
iSii XXXXWPcP εββββρ ++++++= Pr
rrrrrrrr
 
 
where WPi is the spatial lag for housing price, and ρ is referred to as the spatial 
autoregressive coefficient.   
 
In the case of the spatial error dependence form, the equations are given by a combination 
of a standard regression model and a spatial autoregressive model in the error term: 
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where ζ is assumed uncorrelated and with fixed variance, and λ is referred to as the 
nuisance parameter, usually of little interest for the purpose of analysis.  
 
The following tables present description of the variables (Table 3) and the summary 
statistics (Table 4) of the data described in this section.   
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Table 3 – Description of Variables 
Variable  Definition 
Measures of Value 
RENT Rent offered price ($Col 1,000,000)1 
Structural Attributes 
ULAREA Usable living area (square meters) 
BEDS Number of bedrooms 
BATHS Total number of bathrooms 
LROOM Dummy variable indicating if property has both living and dinning room 
AGE Dummy variable indicating property < 10 years of age 
Neighborhood Attributes 
STRATUM Ordinal variable for socioeconomic stratum (from 1 to 6) 
POP_DENS Population density (1,000 people per square kilometer) 
EMP12_DENS Primary and secondary sector employment density (1,000 jobs per square kilometer) 
EMP3_DENS Tertiary sector employment density (1,000 jobs per square kilometer) 
COMER_% Percentage of area dedicated to commercial use  
RESID_% Percentage of area dedicated to residential use  
INST_% Percentage of area dedicated to institutional use  
POVER_% Percentage of area under base line poverty condition  
ROB_RES Number of break-ins on residential properties per year and 1,000 people 
ROB_PER Number of robberies to individuals per year and 1,000 people 
HOMICIDES Number of homicides per year and 1,000 people 
BUSWAY Dummy variable indicating property along Caracas corridor (=1, 0 = otherwise) 
Local & Regional Accessibility 
LOCAL_ACC Network access distance from property to nearest busway station (kilometers) 
REG_ACC Network access distance from nearest busway station to trip destination center of gravity for each station in the AM peak period (kilometers) 
COMB _ACC Combined measure of local and regional access weighted by time distance (kilometers) 
DIST_CBD Network access distance from the nearest busway station to the Financial District station (76th street) 
DIST_DT Network access distance from the nearest busway station to the down town station (13th street) 
Right-of-Way Proximity-Related Effects 
DIST_BUSW Straight distance from property to busway (kilometers) 
Data Source 
DATA Dummy variable indicating if data was collected by field-visual inspection (=1, 0 = otherwise) 
1 $US 1 = $Col  2,280 of 2002 (average for February-April period) 
Notes:  a) 32 missing values (6.5%) from ULAREA were filled by best-subset regression (imputed). Similarly, the 23 missing 
values (4.7%) from the dummy AGE variable were set to the median. For each of these two variables dummy variables are 
used in the models to capture the effect of these imputed observations. 
b) Rent offered price and structural attributes were collected between February and April of 2002. Socioeconomic variables 
such as population and employment data are from 1998, while crime data are from 2001. 
c) Neighborhood attributes, except Stratum and Busway, were weight-assigned from TAZ-level to 250-meter buffer areas 
around residential properties.  
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Table 4 – Summary Statistics  
Variable   Mean Std. Dev. Min MaxSpatial level of data 
Measures of value     
RENT  0.5 0.4 0.1 3.5 Property 
Structural attributes  
ULAREA  77.8 44.1 20.0 350.0 Property 
ULAREA_d1  6.5%    
BEDS  2.2 1.1 1.0 16.0 Property 
BATHS  1.5 0.7 1.0 7.0 Property 
LROOM  5.5%   Property 
AGE  44.1%   Property 
AGE_d1  4.7%    
Site/Neighborhood attributes  
STRATUM2  3.0 2.0 6.0 DANE stratum 
POP_DENS  16.0 7.4 3.7 43.9 DANE-TAZ (650 zones) 
EMP12_DENS  5.6 4.4 0.0 20.5 DANE-TAZ (650 zones) 
EMP3_DENS  24.8 24.0 0.0 207.3 DANE-TAZ (650 zones) 
COMER_%  1.0 4.3 0.0 47.8 DANE-TAZ (650 zones) 
RESID_%  0.6 3.9 0.0 31.6 DANE-TAZ (650 zones) 
INST_%  4.8 6.9 0.0 53.5 DANE-TAZ (650 zones) 
POVER_%  0.4 2.2 0.0 18.6 DANE-TAZ (650 zones) 
ROB_RES  0.2 0.1 0.1 0.4 Locality (19 zones) 
ROB_PER  2.5 1.0 0.7 3.9 Locality (19 zones) 
HOMICIDES  0.6 0.5 0.2 2.0 Locality (19 zones) 
BUSWAY  87.9%   Property 
Accessibility   
LOCAL_ACC  0.8 0.5 0.1 2.5 Property 
REG_ACC  5.3 1.5 3.8 10.8 Property 
COMB _ACC  17.1 6.8 5.3 44.7 Property 
DIST_CBD  4.6 3.1 0.0 14.7 Property 
DIST_DT  4.2 3.2 0.0 14.6 Property 
Proximity-related busway externalities  
DIST_BUSW  0.6 0.4 0.0 1.5 Property 
Data  
DATA  35.8% Property 
N =494.  For variable definitions, see Table 1.  
1 ULAREA and AGE dummy variables that account for imputed observations. 
2 The mean corresponds to the median. 
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 VIII. Results  
 
 
Three functional form specifications were estimated for two sets of equations (hedonic 
price functions).  In the first set, accessibility is treated separately (local and regional), 
while and in the second set a combined measure of total accessibility is used for model 
estimation.  Linear, semi-log and double-log specifications were used for both sets of 
equations.  However, the double-log specification dummy variables and variables 
measured in percent terms are not log-transformed13.  All the coefficient estimates are 
evaluated using a two-tailed test.    
 
Initially, OLS regression was used to estimate the two hedonic price equations for each 
functional form.  Lagrange multiplier tests (Breusch and Pagan, 1979; Cook and 
Weisberg, 1983) performed after the OLS models suggested the presence of 
heteroskedasticity in the estimated residuals.  Although log-transformed models help to 
reduce this effect by compressing the scale in which the model variables are measured, 
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13 A Box-Cox transformation of the dependent variable was estimated.  Log-likelihood ratio tests allowed 
for the rejection of any possible value of the maximum-likelihood parameter estimate of λ (1, 0, and -1).  
Instead, a value of -0.23 (p=0.001) was the estimated value of λ.  The Box-Cox transformed model 
conditional on λ was estimated without significant differences compared to the semi-log transformation.  
Additionally, there are at least three more reasons for not using a Box-Cox transformation in this study.  
First, the Box-Cox transformation is used only to suggest the functional form, which in this case is quite 
similar to a semi-log functional form (λ equal to -0.23).  Second, non-linear parameters from a linear Box-
Cox transformation would make accounting for spatial autocorrelation with current econometric techniques 
extremely difficult.  And third, the problem of not estimating the hedonic functions with a normal-
transformed dependent variable can be solved partially simultaneously when solving for heteroskedasticity 
problems. 
the semi-log and double-log specifications remained heteroskedastic.  Instead of OLS 
regression, the models are estimated with weighted least squares (WLS) regression 
techniques.  With WLS, the models are estimated based on a heteroskedasticity-
consistent covariance matrix of the parameter estimates (White, 1980).  The OLS models 
are presented in the Appendix for readers interested in the difference of the robust 
standard errors estimated with WLS and the OLS estimates.  
 
Because the diagnosis of spatial problems begins with the determination of the spatial 
contiguity matrix, the next step consisted of testing for spatial autocorrelation in the data.  
Using statistical software, the residuals for the estimated hedonic price models were 
exported to a GIS environment.  Then, an empirical semivariogram was created and the 
values were fitted using a spherical model.  The sill in the semivariogram was not clearly 
defined; thus, the distance band needed to define the neighborhood threshold for the 
structure of the spatial contiguity matrix could not be easily identified.  For the same 
reason, it is also expected that spatially correlated values in contiguous neighborhood 
may marginally affect the model estimates.  As a result, contiguity matrices for a set of 
ten band-distances and three friction-factor values were constructed (Table 2).  Each of 
the 30 contiguity-matrix specifications was tested for each of the three functional forms.  
Robust Lagrange multiplier tests (Anselin et al., 1996) were used to test for spatial 
autocorrelation in the form of a spatially lagged dependent variable and dependence in 
the regression error term.  The results suggest that the threshold distance band occurs 
within a neighborhood of one kilometer (d’=1,000 meters) between residential properties.  
Several other definitions of contiguity using different distance bands every 100 meters 
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were tested but results did not change significantly.  Additionally, the contiguity matrix 
that showed most significant results was one based on a first-order decay function of the 
distance among properties (friction factor equal to one): 
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In Tables 5 and 6, robust Lagrange multiplier tests for spatial autocorrelation from the 
OLS models are reported.  Particularly for the semi-log and double-log functional form 
specifications, diagnostic tests suggested that a spatial error model specification was the 
preferred way to account for spatial dependence in the residuals.  Robust LM tests for 
spatial error dependence were statistically significant (p-value of 0.029 for the semi-log 
and 0.005 for the double-log specification).  Therefore, the use of OLS estimates would 
result on inefficient but unbiased coefficients.  Even if this effect may not represent a 
serious problem, this study estimates Maximum Likelihood (ML) spatial autoregressive 
models in the error term (in order to account for spatial autocorrelation) with 
heteroskedasticity-corrected standard errors (in order to account for heteroskedasticity).  
For the ML-spatial error models, coefficients were estimated using the selected spatial 
weight matrix defined as the inverse distance between properties within a 1-km band.  
Accounting for spatial autocorrelation in hedonic price model estimation is consistent 
with recent research suggesting that, by doing so, parsimonious, plausible, and 
informative results are obtained (Bowen et al., 2001, p.484). 
 
 95
WLS estimates for the first set of equations with local and regional measures of 
accessibility and without accounting for spatial autocorrelation are presented in Table 5.  
The same models for the second set of equations (with a combined measure of 
accessibility) are presented in Table 6.  ML-spatial error models with heteroskedasticity-
corrected estimates and for both set of equations are presented in Table 7 and Table 8.  
The model with best fit is the ML-spatial error model with heteroskedasticity-corrected 
estimates for the hedonic equation with local and regional accessibility measures (Table 
7).  The interpretation of the results presented in the following subsections is based on 
that model.  Only in particular cases will coefficients from the other model specifications 
be mentioned.    
 
Results indicate that the specification performed well across the three functional forms.  
Overall model fit across both functional form specifications and hedonic functions is 
adequate, with the R2 statistic ranging from 0.744 for the semi-log to 0.706 for the linear 
specification in the WLS models.  Similarly, the square correlation for the ML-spatial 
error models ranges from 0.742 for the semi-log to 0.706 for the linear specification.  The 
square correlation statistic is a goodness-of-fit statistic measuring the correlation between 
predicted and observed values (for details see Anselin, 1988).  Other measures of 
goodness of fit such as the ratio of the variance of predicted values over the variance of 
observed values for the dependent variable also suggest adequate model fit.  In addition 
to comment only on the ML-spatial estimated models, the interpretation results are based 
on the semi-log functional form speciation, which produces the best goodness-of-fit 
statistics.  This result is consistent with recent empirical evidence regarding the impacts 
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of transportation systems on property values (Damm et al., 1980; Bajic, 1983; Laakso, 
1992; Garrod and Willis, 1992; Forrest et al., 1995; Forrest et al., 1996; So et al., 1997; 
Henneberry, 1998).  
 
 
1. Local and Regional Accessibility 
 
The coefficients estimated in the ML-spatial error model suggest that the value of busway 
transit access in Bogotá is capitalized into property rent asking prices.  For local 
accessibility benefits of the busway, the estimated coefficient for the LOCAL_ACC 
variable is statistically significant at the 95 percent level of confidence in the semi-log 
functional form.  The sign of the coefficient conforms to prior expectations.  Indeed, the 
coefficient of -0.19 in the semi-log specification suggests a monthly rental premium of 
$17,341 Colombian pesos (US$7.6) for each 0.1 km (328 feet) closer to busway stations, 
all else being equal.  Evaluated at the mean rental asking price (Table 4), this translates 
into a 3.71 percent rent premium for each 0.1 km closer to a busway station.  Evaluated at 
the mean local access distance to the closest busway station (Table 4), the estimated 
effect translates into an elasticity of -0.31.   
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 Table 5 – WLS Hedonic Models of Property Rent Asking Price (local and regional measures of accessibility) 
 N=494 Linear         Semi-log  Double-log
  Coefficients Std. ErrorH       
   
Beta  Coefficients Std. ErrorH Beta  Coefficients
 
 Std. ErrorH Beta  
ULAREAL  0.004*** 0.001  0.452   0.005*** 0.001  0.402   0.361*** 0.055  0.355
ULAREA_d
 
           
   
    
     
     
           
     
           
           
       
           
           
           
     
           
           
           
          
      
    
 
          
       
        
-0.127*** 0.047 -0.084  -0.137** 0.055 -0.068  -0.170*** 0.059 -0.084
BEDS -0.002 0.023 -0.007   0.034* 0.019  0.077   0.062 0.051  0.059  
BATHS  0.026 0.029  0.048   0.095*** 0.030  0.134   0.179*** 0.045  0.142
LROOM  0.318*** 0.113  0.193   0.094 0.083  0.043   0.274*** 0.098  0.126
AGE  0.046** 0.019  0.062   0.084*** 0.026  0.085   0.081*** 0.026  0.081
AGE_d -0.135*** 0.042 -0.076  -0.142** 0.071 -0.061  -0.169** 0.069 -0.072
STRATUM  0.101*** 0.024  0.225   0.124*** 0.024  0.208   0.149*** 0.022  0.250
POP_DENSL -0.004** 0.002 -0.072  -0.006* 0.003 -0.087  -0.052 0.049 -0.046
EMP12_DENSL -0.008*** 0.003 -0.094  -0.015*** 0.005 -0.131  -0.018 0.016 -0.044
EMP3_DENSL  0.001 0.001  0.059   0.001 0.001  0.045   0.024 0.018  0.053  
COMER_%  0.006 0.005  0.065   0.007 0.005  0.061   0.004 0.005  0.039  
RESID_%  0.005 0.006  0.048  -0.003 0.004 -0.021  -0.001 0.004 -0.007
INST_% -0.003* 0.002 -0.052  -0.004** 0.002 -0.063  -0.003 0.002 -0.044
POVER_% -0.004 0.005 -0.026  -0.010 0.007 -0.042  -0.009 0.008 -0.040
ROB_RESL -0.421** 0.188 -0.073  -0.804*** 0.263 -0.106  -0.152*** 0.053 -0.114
ROB_PERL  0.066*** 0.014  0.180   0.133*** 0.019  0.277   0.368*** 0.049  0.384
HOMICIDESL -0.033 0.036 -0.045  -0.143** 0.059 -0.148  -0.148*** 0.040 -0.211
BUSWAY -0.021 0.067 -0.018  -0.033 0.084 -0.022  -0.012 0.042 -0.008
LOCAL_ACCL -0.122** 0.061 -0.149  -0.207*** 0.075 -0.192   0.024 0.053  0.030
REG_ACCL -0.002 0.015 -0.010   0.013 0.018  0.039  -0.005 0.092 -0.002
DIST_CBDL  0.000 0.007  0.004  -0.015 0.011 -0.094   0.002 0.012  0.008
DIST_DTL  0.004 0.010  0.035  -0.008 0.014 -0.051   0.015* 0.009  0.070
DIST_BUSWL  0.178*** 0.069  0.186   0.301*** 0.091  0.239   0.026 0.037  0.048  
DATA -0.023 0.019 -0.029  -0.001 0.024 -0.001   0.002 0.024  0.002
Constant -0.211
 
0.210  -1.820*** 0.241  -3.618*** 0.331
Goodness of fit:    
R2 0.706           0.743  0.734
Spatial dependence+: Statistic p-value   Statistic p-value   Statistic p-value   
          
          
Spatial error  0.661 0.416  4.739 0.029  7.778 0.005
Spatial lag  1.883 0.170  0.696 0.404  1.603 0.206
***, **, and * denote coefficient significantly different from zero at the 1%, 5%, and 10% level of significance (two-tail test), respectively. 
L Logarithmic transformed variables for the Double-log model. H Heteroskedasticity corrected standard errors. + Based on OLS models. 
Coefficients for variables in bold are adjusted for interpretation according to (Kennedy 1981) in the semi-log and double-log functional form specifications. 
Spatial dependence diagnoses correspond to robust Lagrange multiplier tests using spatial weights matrix (row-standardized) based on the inverse distance for observations within a 1 km. distance band. 
 Table 6 – WLS Hedonic Models of Property Rent Asking Price (combined measure of accessibility) 
 N=494 Linear         Semi-log  Double-log
  Coefficients Std. ErrorH       
   
Beta  Coefficients Std. ErrorH Beta  Coefficients
 
 Std. ErrorH Beta  
ULAREAL  0.004*** 0.001  0.451   0.004 0.001***  0.400   0.361*** 0.055  0.355
ULAREA_d
 
           
    
    
     
     
           
     
           
           
       
           
           
           
     
           
           
     
      
    
 
    
       
        
-0.128*** 0.047 -0.084  -0.138 0.055** -0.069  -0.170*** 0.059 -0.084
BEDS -0.002 0.022 -0.006   0.035 0.019*  0.079   0.061 0.051  0.058  
BATHS  0.025 0.028  0.047   0.094 0.030***  0.133   0.180*** 0.045  0.143
LROOM  0.318*** 0.112  0.193   0.094 0.083  0.043   0.273*** 0.097  0.125
AGE  0.046** 0.019  0.061   0.082 0.026***  0.082   0.081*** 0.026  0.081
AGE_d -0.135*** 0.042 -0.076  -0.145 0.072** -0.062  -0.169** 0.069 -0.072
STRATUM  0.102*** 0.024  0.226   0.126 0.024***  0.212   0.150*** 0.022  0.252
POP_DENSL -0.004** 0.002 -0.073  -0.006 0.003* -0.089  -0.055 0.048 -0.048
EMP12_DENSL -0.008*** 0.003 -0.090  -0.014 0.004*** -0.119  -0.018 0.016 -0.042
EMP3_DENSL  0.001 0.001  0.057   0.001 0.001  0.040   0.024 0.018  0.053  
COMER_%  0.006 0.005  0.066   0.007 0.005  0.064   0.004 0.005  0.036  
RESID_%  0.005 0.006  0.049  -0.003 0.004 -0.020  -0.001 0.004 -0.008
INST_% -0.003* 0.002 -0.052  -0.004 0.002** -0.062  -0.003 0.002 -0.044
POVER_% -0.005 0.005 -0.026  -0.010 0.007 -0.044  -0.009 0.008 -0.039
ROB_RESL -0.434** 0.178 -0.076  -0.864 0.258*** -0.114  -0.149*** 0.051 -0.112
ROB_PERL  0.065*** 0.014  0.180   0.132 0.019***  0.274   0.370*** 0.048  0.386
HOMICIDESL -0.034 0.036 -0.047  -0.149 0.059** -0.154  -0.144*** 0.038 -0.207
BUSWAY -0.014 0.068 -0.012  -0.004 0.083 -0.003  -0.012 0.042 -0.008
COMB _ACCL -0.008* 0.004 -0.148  -0.012 0.005** -0.166   0.016 0.046  0.024  
DIST_CBDL  0.003 0.005  0.022  -0.005 0.008 -0.034   0.002 0.012  0.008
DIST_DTL  0.006 0.009  0.054   0.002 0.013  0.013   0.016** 0.008  0.074
DIST_BUSWL  0.169*** 0.066  0.177   0.263 0.093***  0.209   0.030 0.032  0.057  
DATA -0.023 0.019 -0.029
 
  0.000 0.024  0.000 
 
  0.002 0.024  0.002  
Constant -0.206
 
0.206  -1.797
  
0.238***  -3.688*** 0.362
Goodness of fit:  
R2 0.706           0.742  0.734
Spatial dependence+: Statistic p-value   Statistic p-value   Statistic p-value   
          
          
Spatial error  0.565 0.452  4.573 0.032  7.398 0.007
Spatial lag  1.741 0.187  0.650 0.420  1.339 0.247
   
***, **, and * denote coefficient significantly different from zero at the 1%, 5%, and 10% level of significance (two-tail test), respectively. 
L Logarithmic transformed variables for the Double-log model. H Heteroskedasticity corrected standard errors. + Based on OLS models. 
Coefficients for variables in bold are adjusted for interpretation according to (Kennedy 1981) in the semi-log and double-log functional form specifications. 
Spatial dependence diagnoses correspond to robust Lagrange multiplier tests using spatial weights matrix (row-standardized) based on the inverse distance for observations within a 1 km. distance band. 
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Table 7 – ML Spatial Hedonic Error Models of Property Rent Asking Price (local and regional measures of accessibility) 
 N=494 Linear         Semi-log  Double-log
  Coefficients Std. ErrorH       
  
Elasticity  Coefficients Std. ErrorH Elasticity  Coefficients
 
 Std. ErrorH Elasticity
 
 
ULAREAL  0.004*** 0.001  0.64   0.005*** 0.001  0.76   0.359*** 0.054  0.36
ULAREA_d           
  
    
     
      
           
     
           
           
 
       
           
           
           
     
           
          
           
    
       
      
 
       
       
          
         
-0.128*** 0.045 -0.02  -0.127** 0.054 -0.02  -0.157*** 0.058 -0.16
BEDS -0.002 0.022 -0.01  0.037** 0.018  0.18   0.079 0.049  
BATHS  0.026 0.028  0.08   0.092*** 0.029  0.30   0.166*** 0.044  0.17
LROOM  0.319*** 0.110  0.04   0.090 0.080  0.01   0.274*** 0.094  0.27
AGE 0.047** 0.019  0.04   0.084*** 0.026  0.08   0.083*** 0.025  0.08
AGE_d -0.134*** 0.040 -0.01  -0.142** 0.070 -0.01  -0.165** 0.069 -0.16
STRATUM  0.102*** 0.023  0.76   0.120*** 0.025  0.96   0.148*** 0.023  0.15
POP_DENSL -0.004** 0.002 -0.12  -0.006* 0.003 -0.20  -0.059 0.053 -0.06
EMP12_DENSL -0.008*** 0.003 -0.10  -0.013*** 0.005 -0.16  -0.021 0.016 -0.02
EMP3_DENSL  0.001* 0.001  0.05   0.001 0.001  0.03   0.022 0.019  0.02  
COMER_%  0.006 0.005  0.01   0.008 0.006  0.02   0.004 0.006  0.00  
RESID_%  0.005 0.005  0.01  -0.002 0.004  0.00  -0.001 0.005  0.00
INST_% -0.003* 0.002 -0.03  -0.005** 0.002 -0.05  -0.004* 0.002  0.00
POVER_% -0.004 0.005 0.00  -0.010 0.007 -0.01  -0.010 0.008 -0.01
ROB_RESL -0.420** 0.179 -0.17  -0.805*** 0.295 -0.23  -0.155*** 0.058 -0.15
ROB_PERL  0.065*** 0.014  0.35   0.132*** 0.020  0.76   0.364*** 0.055  0.36
HOMICIDESL -0.034 0.035 -0.04  -0.122* 0.070 -0.15  -0.131*** 0.049 -0.13
BUSWAY -0.019 0.065 -0.04  -0.055 0.094 -0.10  -0.032 0.057 -0.03
LOCAL_ACCL -0.121** 0.059 -0.22  -0.190** 0.080 -0.31   0.024 0.056  0.02
REG_ACCL -0.003 0.014 -0.03   0.020 0.020  0.23   0.018 0.103  0.02  
DIST_CBDL  0.001 0.007  0.01  -0.019* 0.012 -0.19  -0.008 0.016 -0.01
DIST_DTL  0.004 0.010  0.04  -0.010 0.015 -0.09   0.011 0.009  0.01
DIST_BUSWL  0.176*** 0.066  0.24   0.283*** 0.097  0.44   0.022 0.037  0.02  
DATA -0.022 0.018 -0.02
 
  -0.004 0.024  0.00
 
 -0.004 0.024  0.00
 Constant -0.211 0.202  -1.808*** 0.258  -3.579*** 0.346
Lambda -0.039
 
0.116   0.253** 0.115   0.309** 0.124
Goodness of fit:   
Variance ratio 0.705          
          
        
 0.752  0.749
Square correlation 0.706  0.742  0.732
Log likelihood   86.446   -14.878  -21.986
 0.08 
 ***, **, and * denote coefficient significantly different from zero at the 1%, 5%, and 10% level of significance (two-tail test), respectively. 
L Logarithmic transformed variables for the Double-log model. H Heteroskedasticity corrected standard errors. 
Coefficients for variables in bold are adjusted for interpretation according to (Kennedy 1981) in the semi-log and double-log functional form specifications. 
The spatial weights matrix for the spatial lag model is row-standardized and based on the inverse distance for observations within a 1 km. distance band. 
 100
 Table 8 – ML Spatial Hedonic Error Models of Property Rent Asking Price (combined measure of accessibility) 
 N=494 Linear         Semi-log  Double-log
  Coefficients Std. ErrorH       
  
Elasticity  Coefficients Std. ErrorH Elasticity  Coefficients
 
 Std. ErrorH Elasticity
 
 
ULAREAL  0.004*** 0.001  0.64   0.005*** 0.001  0.76   0.360*** 0.054  0.36
ULAREA_d           
  
    
     
      
           
     
           
           
 
       
           
           
           
     
           
       
           
      
 
       
       
          
         
-0.127*** 0.045 -0.02  -0.128** 0.053 -0.02  -0.157*** 0.058 -0.16
BEDS -0.001 0.022 -0.01  0.039** 0.018  0.19   0.079 0.049  0.08  
BATHS  0.023 0.028  0.07   0.089*** 0.029  0.29   0.166*** 0.044  0.17
LROOM  0.316*** 0.109  0.04   0.089 0.080  0.01   0.273*** 0.094  0.27
AGE 0.047** 0.019  0.04   0.082*** 0.026  0.08   0.083*** 0.025  0.08
AGE_d -0.136*** 0.040 -0.01  -0.145** 0.071 -0.01  -0.165** 0.069 -0.16
STRATUM  0.103*** 0.023  0.77   0.123*** 0.025  0.98   0.147*** 0.023  0.15
POP_DENSL -0.004** 0.002 -0.13  -0.006* 0.003 -0.21  -0.058 0.051 -0.06
EMP12_DENSL -0.008*** 0.003 -0.09  -0.012*** 0.005 -0.14  -0.022 0.016 -0.02
EMP3_DENSL  0.001* 0.001  0.05   0.001 0.001  0.03   0.021 0.019  0.02  
COMER_%  0.005 0.005  0.01   0.008 0.006  0.02   0.004 0.006  0.00  
RESID_%  0.005 0.005  0.01  -0.002 0.004  0.00  -0.001 0.005  0.00
INST_% -0.003* 0.002 -0.03  -0.005** 0.002 -0.05  -0.004* 0.002  0.00
POVER_% -0.005 0.005 0.00  -0.011 0.007 -0.01  -0.010 0.008 -0.01
ROB_RESL -0.416** 0.168 -0.17  -0.860*** 0.285 -0.24  -0.158*** 0.055 -0.16
ROB_PERL  0.064*** 0.014  0.35   0.130*** 0.020  0.75   0.362*** 0.053  0.36
HOMICIDESL -0.033 0.035 -0.04  -0.130* 0.069 -0.16  -0.130*** 0.046 -0.13
BUSWAY  0.015 0.069  0.03   0.001 0.098  0.00  -0.036 0.058 -0.04
COMB _ACCL -0.008** 0.004 -0.32  -0.009* 0.005 -0.36   0.007 0.049  0.01
DIST_CBDL  0.001 0.004  0.01  -0.011 0.008 -0.10  -0.009 0.016 -0.01
DIST_DTL  0.007 0.009  0.07   0.001 0.014  0.01   0.011 0.009  0.01  
DIST_BUSWL  0.165*** 0.057  0.22   0.214** 0.093  0.32   0.031 0.033  0.03  
DATA -0.022 0.019 -0.02
 
  -0.003 0.024  0.00
 
 -0.004 0.023  0.00
 Constant -0.216 0.198  -1.771*** 0.253  -3.584*** 0.386
Lambda -0.043
 
0.114   0.243** 0.110   0.309** 0.123
Goodness of fit:   
Variance ratio 0.705          
          
        
 0.750  0.749
Square correlation 0.707  0.741  0.732
Log likelihood   86.766   -16.034  -22.091
 ***, **, and * denote coefficient significantly different from zero at the 1%, 5%, and 10% level of significance (two-tail test), respectively. 
L Logarithmic transformed variables for the Double-log model. H Heteroskedasticity corrected standard errors. 
Coefficients for variables in bold are adjusted for interpretation according to (Kennedy 1981) in the semi-log and double-log functional form specifications. 
The spatial weights matrix for the spatial lag model is row-standardized and based on the inverse distance for observations within a 1 km. distance band. 
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In terms of regional busway accessibility, the coefficients estimated across the three 
functional forms are not statistically significant at a 90 percent level of confidence.   
Nonetheless, it was previously stated that in a homogeneous high-density urban area like 
Bogotá, there are not enough reasons to expect regional accessibility benefits to be 
significant as them are in commuter or regional rail studies.  Particularly, the low 
significance of the coefficient for the activity-weighted regional index measure of 
accessibility (REG_DIST) was an expected result.  Only the coefficient for the distance to 
the financial district (DIST_CBD) in the semi-log specification is estimated with the 
expected sign at a 90 percent level of confidence.  This coefficient suggests a monthly 
rental premium of $1,884 Colombian pesos (US$0.8) for properties located 0.1 km closer 
to the financial district busway station.  Evaluated at the mean rental asking price and at 
the mean access distance to the CBD busway station (Table 4), the estimated effect 
translates into an elasticity of -0.19.  
  
For the second set of equations, the estimated coefficient for the combined measure of 
accessibility (COMB_ACC) is statistically significant at the 90 percent level of 
confidence in the semi-log functional form.  The sign of the coefficient remains negative 
as expected and conforms to prior expectations.  The interpretation of this coefficient is 
trickier because the variable is a composite measure of local and regional accessibility 
with weight factors, but it suggests that properties with higher overall time-based 
accessibility are associated with higher rental premiums.  In the context of the first set of 
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equations, it is suspected that the significance and coefficient sign are driven basically by 
the local access component of the variable. 
 
Overall, these results suggest that residential properties with higher local access to 
busway stations exhibit higher rental premiums in Bogotá, after controlling for structural, 
neighborhood, and proximity-related attributes.   
 
 
2. Right-of-Way Proximity-Related Effects 
 
The coefficient for the variable representing the proximity-related externalities of the 
busway system in Bogotá (DIST_BUSW) is positive, as expected, and statistically 
significant in the semi-log specification at a 99 percent level of confidence.  The 
coefficient estimated suggests that for every 0.1 km in distance from the busway right-of-
way, property monthly rental asking prices are $32,732 Colombian pesos (US$14.4) 
higher, with all else held equal.  Evaluated at the mean rental asking price (Table 4), this 
translates into a 7.0 percent rent premium per each 0.1 km further to the busway right-of-
way.  And evaluated at the mean distance to the right-of-way (Table 4), the estimated 
effect translates into an elasticity of 0.44.   
 
Caution should be used in the direct interpretation of this empirical finding estimated for 
the study area.  Indeed, it is likely that this estimate is biased away from zero, partly 
because the corridors where the busways operates are also important road corridors for 
general traffic, mainly automobiles and trucks.  Therefore, it is reasonable to expect that 
pollution and noise effects from heavy traffic of vehicles other than buses will result in 
steeper rental discounts than if only the busway effects were considered.  Thus, the 
confounding effect of heavy traffic and its externalities from other vehicles in the right-
of-way is a question that remains.  Nonetheless, because busway service often comes 
bundled with lanes for mixed traffic, and they are developed in corridors with high travel 
demand, these results should be interpreted as empirical evidence of the joint contribution 
of the proximity-related impacts of the busway corridor.  Other authors have made the 
same analogy with commuter rail service that often comes bundled with freight service 
(Armstrong and Rodriguez, 2003). 
 
In previous research work, right-of-way proximity-related effects have been excluded 
from the model specification due to arguments that multicollinearity problems exit with 
the local accessibility variable.  For this study, these two variables have a correlation of 
0.93.  However, the inclusion of these highly collinear explanatory variables in the 
functional form is theoretically justifiable if they are the primary object of interest 
(Leggett and Bockstael, 2000).  Moreover, the coefficient estimates corroborate the 
correctness of the model specification and the accuracy of the estimates for two main 
reasons.  On the one hand, the t-statistic, which is biased toward insignificant values 
under the presence of multicollinearity, is highly significant for the two variables.  On the 
other hand, the opposite signs of the statistically significant coefficients provide proof of 
the difference in the direction of these effects (positive and negative).  The empirical 
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findings in this study suggest that for Bogotá’s busway system positive, effects on 
property rental asking prices are derived from local accessibility to the busway stations, 
while proximity to the right-of-way results in a negative effect.   
 
 
3. Neighborhood Attributes 
 
Neighborhood quality and neighborhood–level externalities expected to influence 
property rental asking prices, including socioeconomic, sociodemographic, land use, and 
crime variables.  These variables are measured for a 250-meter buffer area around each 
residential property.       
 
The estimated coefficient for the socioeconomic STRATUM variable is statistically 
significant at a 99 percent level of confidence.  The sign of the coefficient is as expected, 
meaning that a proxy for median household income and the cost rate of amenities such as 
utilities increases the property asking rental price.  The coefficient estimated from the 
semi-log model suggests that a unit-category increase in the stratum classification yields 
an increase of $127,540 Colombian pesos (US$55.9), all else held equal.  At average 
values (Table 4), the estimated coefficient implies a stratum elasticity of 0.96.  
 
Estimated coefficients for sociodemographic variables such as population density and 
density of primary and secondary sector employment are statistically significant at a 90 
and 99 percent level of confidence, respectively.  The coefficient estimated from the 
population density variable (POP_DENS) in the semi-log specification suggests a rental 
rate decrease of 1.3 percent for each unit increase of 1,000 people per square kilometer in 
the 250-meter vicinity of a property.  Evaluated at variable means (Table 4), the 
coefficient estimate implies a population density elasticity of -0.20.  Similarly, properties 
within a 250-meter vicinity area denser in terms of primary and secondary sector 
employment (EMP12_DENS) were statistically associated with lower property rental 
asking prices, with a primary and secondary sector employment density elasticity of -
0.16.  Although there was not a clear expectation about the sign of the population density 
coefficient, a feasible explanation of the negative sign might be that dense housing may 
result in deleterious impacts such as increased noise, and congestion of public areas such 
as streets, sidewalks, and parks (Strange, 1992).  Density of primary and secondary sector 
employment might be related to agricultural and manufacturing industry activity that may 
result in deleterious impacts on the neighborhood area.  
 
Land use variables measuring the percentage of urbanized area dedicated to commercial 
uses, residential uses, and under a base-line poverty condition within the 250-meter 
property vicinity are not statistically significant at a 90 percent level of confidence.  Only 
the coefficient estimated for the percentage of urbanized area dedicated to institutional 
uses (INST_%) is statistically significant at a 90 percent level of confidence.  The 
interpretation of the negative sign for the estimated coefficient suggests that residential 
properties with low percentage of area dedicated to institutional uses within their 250-
meter vicinity area are more likely to experience lower asking rental prices.  As with 
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density, there was not a clear expectation about the sign of this coefficient.  However, a 
feasible explanation of the negative sign might be that residential properties within an 
intensive institutional land-use environment face less human activity, particularly at 
night, which may affect perceptions of safety.   
 
Coefficient estimates for crime variables are statistically significant.  The sign of the 
coefficients are as expected, except for robberies to individuals (ROB_PER).  For this 
variable, a higher number of robberies is associated with higher property rental asking 
prices.  A feasible explanation of the positive sign might be that robbers tend to rob more 
rich people who live in areas where residential values or rents are higher.  Finally, 
controlling variables that were previously expected to have an impact on rental asking 
prices such as the dummy variable indicating if the property was located along a specific 
corridor, or the method of data collection, are not statistically significant at a 90 percent 
level of confidence.   
 
 4. Structural Attributes 
 
Overall, the coefficients for structural attributes tend to have the expected signs, with 
more living area, newer properties, and a higher number of bathrooms and bedrooms 
increasing rental asking prices.  Estimated coefficients for these variables are significant 
at the 95 and 99 percent levels of confidence. The two dummy variables included in the 
model specifications in order to account for the imputed cases in the usable living area 
(ULAREA) and (AGE) variables were also significant at the 95 percent level of 
confidence.  The interpretation of these coefficients is that even imputing the missing 
values for these variables, smaller and older properties are more likely to be 
underreported for the variables that measure these characteristics. 
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IX. Conclusions  
 
Previous research has found that although in many cases busways have provided 
significant improvements in corridor capacity, the impacts of these facilities on the 
nearby land value have been minor.  A case in Canada (Mullins, et. al., 1990) suggests 
that highly patronized busway systems that incorporate a substantial amount of 
permanent fixed facilities may have a significant influence on land use.  The prior 
expectations of this study about the significant influence that busways may have on land 
use/value were grounded in the new concept for delivering bus service that is 
revolutionizing transit systems around the world, particularly in Latin America.  These 
new BRT or busway systems feature intensive infrastructure facilities and their effects in 
terms of accessibility and mobility have been impressive. 
 
Based on this previous premise, this study examined the impact of busway transit service 
upon residential properties available and advertised for rent in Bogotá.  The study uses 
structural residential properties and neighborhood attributes to evaluate the beneficial 
impacts arising from increased local and regional accessibility and the deleterious 
impacts arising from proximity to the busway right-of-way.  Overall, the study finds 
strong evidence that accessibility benefits of busways are capitalized into residential 
property rental prices.  The capitalization effects of local accessibility suggests that 
properties located 0.1 km closer or more accessible to a busway station exhibit premiums 
between 2.4 and 3.7 percent in the advertised rental price, all else held equal.  Said 
differently, a one percent increase in distance to the closest busway station is associated 
with property monthly rental price premiums that range between 21.7 percent and 31.2 
percent.  Given the empirical housing rent-land value relationship, these results suggest 
that property rental prices are a theoretical representation of the land value for housing 
services.   
 
The data also were able to discriminate between the benefits of access to a busway station 
from the nuisance effects such as proximity to the right-of-way.  Properties located 0.1 
km closer to the busway right-of-way exhibit a discount between 4.1 and 7.0 percent in 
the advertised rental price.  Evaluated at the mean advertised rental price and distance to 
the busway right-of-way, the estimated effect translates into an elasticity of between 0.24 
and 0.44.   
 
To the degree that the results from this study can be generalized, this is the first empirical 
study that consistently provides evidence regarding the nature and magnitude of 
accessibility and proximity-related impacts of busways or BRT.  Such evidence has a 
wide range of practical applications, from determining the usefulness of innovative land-
based tax instruments that hinge on the capitalization of positive busway effects, to 
informing policy makers about the land development consequences of transportation 
infrastructure alternatives. 
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By determining the capitalization of positive busway effects, the localized evidence from 
this study provides tools for exploring the usefulness of innovative land-based tax 
instruments.  These results are expected to inform local transportation planners and 
policy makers about the potential of public funding tools for transit infrastructure, such as 
value capture.  In addition to being a potential source of revenue to help pay off the debt 
on transit investments, value capture stands also to pay for upfront and ancillary 
neighborhood improvements that can help leverage transit-oriented developments 
(Cervero and Duncan, 2002).  Value capture represents an alternative approach of capital 
cost recovery that has not been fully explored and examined in the tax policy context.  
Using a land-based tax on properties that directly benefit from positive busway effects 
satisfies the virtues of sound taxation theory14, in addition to being economically 
neutral15.   
 
Only few studies have asked if public transit could be financed itself from a combination 
of fare revenue and the increase in the nearby property values.  For example, in a report 
to the Congress in January 2001 it was noted that after $9.5 billion in expenditures, 
Washington, DC’s Metro had generated between $10 and $15 billion in new land value 
(Smith, 2001).  However, this estimate of land value is not based on the specific positive 
impacts of the Metro system.  Using a methodologically more accurate approach 
(hedonic price models), Batt (2001) found that while a nine-mile stretch of the New York 
 
14 These virtues include a policy that is stable, simple, administrable, progressive, and most of all, efficient 
(Batt, 2001; Rosen, 1999; Wolf, 1998). 
15 It imposes no distortions on economic choices because land, particularly strategically located land, is 
limited in supply or, in economic terms, inelastic (Batt, 2001). 
state Interstate Highway System (I-87) cost $128 million, the additional land value within 
two miles of the road that has been generated by its construction has totaled $3.7 billion.  
Other researchers have recommended that funding the construction of transit can also 
come from new development along transit lines by co-development of land in a 
public/private partnership, which is less politically risky than taxing land (Smith, 2001).  
For example, in Tokyo, private co-development of transit and real estate projects has 
shown profitable results by internal cross-subsidizing practices among the companies’ 
businesses (e.g., locating retail near transit).   
 
The extent to which positive effects of Bogotá’s busway system are capitalized into 
property values provides a promising approach for public institutions to fund busways 
and general transit infrastructure.  With extensions planned over the next 13 years, when 
a 388-kilometer (241 miles) busway network will be completed in Bogotá using almost 
$2 billion of scarce public funds, issues related to both its beneficial and deleterious 
impacts may become of growing concern to both the affected public and to transit 
planners.  When completed, 85 percent of the population will be located in a 500-meter 
busway influence area where positive and negative impacts are expected to influence 
property values.  Moreover, the empirical evidence provided in this study is expected to 
help the local planning process debate about potential threats to property values and to 
determine compensation to affected parties. 
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Appendix 
 
 Table 9 – OLS Hedonic Models of Property Rent Asking Price (local and regional measures of accessibility) 
 N=494 Linear         Semi-log  Double-log
  Coefficients Std. Error Beta  Coefficients     
   
           
   
    
     
     
           
     
           
           
       
           
           
           
     
           
           
           
          
      
    
 
          
       
        
Std. Error Beta  Coefficients
 
 Std. Error
 
Beta  
ULAREAL  0.004*** 0.001  0.452   0.005*** 0.000  0.402   0.361*** 0.052  0.355
ULAREA_d
 
-0.127*** 0.047 -0.084  -0.137*** 0.050 -0.068  -0.170*** 0.051 -0.084
BEDS -0.002 0.023 -0.007   0.034** 0.017  0.077   0.062 0.049  0.059  
BATHS  0.026 0.029  0.048   0.095*** 0.026  0.134   0.179*** 0.044  0.142
LROOM  0.318*** 0.113  0.193   0.094 0.067  0.043   0.274*** 0.062  0.126
AGE  0.046** 0.019  0.062   0.084*** 0.026  0.085   0.081*** 0.026  0.081
AGE_d -0.135*** 0.042 -0.076  -0.142** 0.059 -0.061  -0.169*** 0.060 -0.072
STRATUM  0.101*** 0.024  0.225   0.124*** 0.025  0.208   0.149*** 0.023  0.250
POP_DENSL -0.004** 0.002 -0.072  -0.006** 0.003 -0.087  -0.052 0.042 -0.046
EMP12_DENSL -0.008*** 0.003 -0.094  -0.015*** 0.004 -0.131  -0.018 0.017 -0.044
EMP3_DENSL  0.001 0.001  0.059   0.001 0.001  0.045   0.024 0.019  0.053  
COMER_%  0.006 0.005  0.065   0.007** 0.003  0.061   0.004 0.004  0.039  
RESID_%  0.005 0.006  0.048  -0.003 0.004 -0.021  -0.001 0.004 -0.007
INST_% -0.003* 0.002 -0.052  -0.004** 0.002 -0.063  -0.003* 0.002 -0.044
POVER_% -0.004 0.005 -0.026  -0.010 0.006 -0.042  -0.009 0.007 -0.040
ROB_RESL -0.421** 0.188 -0.073  -0.804*** 0.267 -0.106  -0.152*** 0.052 -0.114
ROB_PERL  0.066*** 0.014  0.180   0.133*** 0.018  0.277   0.368*** 0.048  0.384
HOMICIDESL -0.033 0.036 -0.045  -0.143*** 0.054 -0.148  -0.148*** 0.038 -0.211
BUSWAY -0.021 0.067 -0.018  -0.033 0.083 -0.022  -0.012 0.046 -0.008
LOCAL_ACCL -0.122** 0.061 -0.149  -0.207** 0.087 -0.192   0.024 0.051  0.030
REG_ACCL -0.002 0.015 -0.010   0.013 0.021  0.039  -0.005 0.090 -0.002
DIST_CBDL  0.000 0.007  0.004  -0.015 0.011 -0.094   0.002 0.012  0.008
DIST_DTL  0.004 0.010  0.035  -0.008 0.014 -0.051   0.015* 0.009  0.070
DIST_BUSWL  0.178*** 0.069  0.186   0.301*** 0.101  0.239   0.026 0.034  0.048  
DATA -0.023 0.019 -0.029  -0.001 0.026 -0.001
 
  0.002 0.027  0.002
 Constant -0.211
 
0.210  -1.820*** 0.225 .  -3.618*** 0.305 .
Goodness of fit:    
Adjusted R2 0.691           0.729  0.720
***, **, and * denote coefficient significantly different from zero at the 1%, 5%, and 10% level of significance (two-tail test), respectively. 
L Logarithmic transformed variables for the Double-log model.  
Spatial dependence diagnoses correspond to robust Lagrange multiplier tests using spatial weights matrix (row-standardized) based on the inverse distance for observations within a 1 km. distance band. 
 
 Table 10 – OLS Hedonic Models of Property Rent Asking Price (combined measure of accessibility) 
 N=494 Linear         Semi-log  Double-log
  Coefficients Std. Error Beta  Coefficients     
   
           
   
    
     
     
           
     
           
           
 
       
           
           
           
     
           
       
           
      
    
 
          
       
         
Std. Error Beta  Coefficients
 
 Std. Error
 
Beta  
ULAREAL  0.004*** 0.000  0.454   0.005*** 0.000  0.403   0.363*** 0.052  0.356
ULAREA_d
 
-0.127*** 0.040 -0.083  -0.137*** 0.050 -0.068  -0.170*** 0.050 -0.084
BEDS -0.001 0.014 -0.004   0.037** 0.017  0.082   0.062 0.049  0.059  
BATHS  0.023 0.021  0.043   0.091*** 0.026  0.128   0.179*** 0.044  0.143
LROOM  0.315*** 0.054  0.191   0.091 0.067  0.042   0.271*** 0.062  0.125
AGE  0.046** 0.021  0.061   0.083*** 0.026  0.083   0.081*** 0.026  0.081
AGE_d -0.136*** 0.048 -0.077  -0.145** 0.059 -0.062  -0.169*** 0.060 -0.072
STRATUM  0.102*** 0.020  0.227   0.126*** 0.025  0.212   0.149*** 0.022  0.251
POP_DENSL -0.004* 0.002 -0.075  -0.006** 0.003 -0.090  -0.053 0.041 -0.046
EMP12_DENSL -0.008** 0.003 -0.091  -0.014*** 0.004 -0.120  -0.020 0.016 -0.047
EMP3_DENSL  0.001 0.001  0.059   0.001 0.001  0.043   0.024 0.019  0.053  
COMER_%  0.005* 0.003  0.061   0.007** 0.003  0.060   0.004 0.004  0.038  
RESID_%  0.004 0.003  0.046  -0.003 0.004 -0.022  -0.001 0.004 -0.005
INST_% -0.003** 0.002 -0.055  -0.005** 0.002 -0.065  -0.003* 0.002 -0.043
POVER_% -0.005 0.005 -0.028  -0.011* 0.006 -0.046  -0.009 0.006 -0.039
ROB_RESL -0.419** 0.210 -0.073  -0.831*** 0.260 -0.109  -0.153*** 0.049 -0.115
ROB_PERL  0.065*** 0.015  0.178   0.131*** 0.018  0.272   0.367*** 0.047  0.383
HOMICIDESL -0.032 0.043 -0.044  -0.146*** 0.054 -0.151  -0.145*** 0.036 -0.207
BUSWAY  0.014 0.068  0.012   0.028 0.084  0.019  -0.013 0.046 -0.008
COMB_ACCL -0.008* 0.004 -0.141  -0.010** 0.005 -0.138  -0.004 0.041 -0.006
DIST_CBDL  0.001 0.006  0.008  -0.009 0.007 -0.055   0.002 0.012  0.007
DIST_DTL  0.007 0.010  0.064   0.002 0.012  0.015   0.015* 0.008  0.071
DIST_BUSWL  0.167** 0.070  0.175   0.235*** 0.086  0.187   0.042 0.028  0.079  
DATA -0.023 0.021 -0.030
 
 -0.001 0.026 -0.001
 
  0.002 0.027  0.002
 Constant -0.215
 
0.181 .  -1.810*** 0.224 .  -3.606*** 0.323 .
Goodness of fit:   
Adjusted R2 0.692           0.729  0.720
***, **, and * denote coefficient significantly different from zero at the 1%, 5%, and 10% level of significance (two-tail test), respectively. 
L Logarithmic transformed variables for the Double-log model. 
Spatial dependence diagnoses correspond to robust Lagrange multiplier tests using spatial weights matrix (row-standardized) based on the inverse distance for observations within a 1 km. distance band. 
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